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INTRODUCTION 
Introduction 
The adequacy of a nations' housing is not only a central 
feature of its living standards but can also serve as a 
reflection of socio-political involvement and development. Its 
structural dimensions will have a direct bearing on life style 
which, in turn will regulate the demand for consumer goods of 
many kinds. 
The sociolo~ical desirability of adequate housing has 
now progressed beyond the confines of the sanitary school of 
thought associated with Edwin Chadwick, (Dilke 1885) but 
how far is still a matter of conjecture. Much of the Newsom 
Report (1963) on the education of children aged 13 - 16 of 
'average or less than average ability', and a great part of the 
Plowden Report (1967) on primary education was addressed to 
the Minister of Housing and Local Government rather than to 
the Secretary of State for Education and Science. 
Houses, although "consumers' goods" because they are 
used directly by the people who live in them, possess certain 
characteristics that sufficiently distinguish them to place 
them in a "consumers' goods" category of their own. And it 
is some of these features that have been responsible for 
lack of progress, both in the provision of quantity and 
quality in the housing field. As Bowley (1945) states, 
''Houses have certain very tiresome and peculiar economic 
characteristics. From the point of view of economists they 
are neither 'fish, fowl nor good red herring'." The distinguishing 
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features are, of course, their high capital cost and extreme 
durability. And, of the two, the high capital cost has been 
the predominant factor in the provision of housing for the 
vast population of average and below average income. 
It is not the purpose of this thesis to examine in detail 
the economic theory of, or political involvement in, hou8ing. 
The basic principles by which adequate housing can be provided 
for all have been known for some time. Centralization of 
control was first proposed by Shaftesbury (1851), albeit that 
in this instance he suggested metropolitan instead of parochial 
control, so far as London was concerned. But the work of 
Donnison (1967), Bowley (op. cit.), Merrett & Sykes (1965), 
Nevitt (1966), Robson (1966), Griffiths (1966), Cullingworth 
(1966) and Alderson (1962), serve to show something of the 
illogicalities and inequities that we have inherited and which 
have helped to shape legislation and policy, as well as 
public opinion. 
Suffice it to say that with centralization of control, with 
all its implied economic ramifications in both public and 
private sectors, and with the removal of 'housing' as a 
political issue so that the underlying theory and practice 
can be treated apolitically, good and not just barely adequate 
housing can be available to all. 
These~ very briefly, are some of the underlying elements 
that have been directly or indirectly the causative factors in 
the creation of housing standards. With false economic and 
-2-
political factors removed, it becomes possible to create 
and design houses around the occupant and not, as has arisen 
in the past, constrain the consumer to live in an environment 
that has been constructed with external elements, rather than 
human needs, taking priority. 
Standards for Housing 
Housing standards per se directly affect the living 
standards of the population. In order to consider 
a basic ergonomics standard for housing, it is first of 
relevance to see how past and present standards have been 
arrived at, There are in existence two separate systems: the 
building regulations and byelaws designed to prevent the 
erection of buildings which endanger safety and health; and 
standards of design of space and equipment and layout which 
are recommended in the Housing Manuals and other reports 
issued by the Department of the Environment (until the 
amalgamation of Ministries in 1971, the Ministry of Housing and 
Local Government), 
Building byelaws and regulations can be enforced by 
law and, therefore, buildings contravening them can be 
required to be altered to conform with the regulations or even 
pulled down. These regulations stern from the nineteenth 
century when the housing problem as perceived was still 
basically the problem of the health of towns. Even then 
legislation was not based on entirely altruistic motives, 
Advancing medical knowledge had posited that health was 
related to living conditions. However, overcrowded insanitary 
urban areas which resulted in an economic loss which had to 
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be borne at least in part by local ratepayers; the fear of 
social unrest; and finally the experience of the classless 
spread of cholera served to reinforce social conscience. Even 
in the case of cholera there remained some public misgivings, 
as earlier reports tried to establish disease as the exclusive 
right of the poor. Wilkinson (1939) cites the following example 
from the 'Newcastle Courant' of 1832: 
" ••• the plague is on the wane. One of the most remarkable 
features it still exhibits. The narrow and dirty lanes in 
the lower parts of the town, and the confined and ill-
ventilated passages which are numerous in the upper, and in 
which the dwellings of the poor and wretched are situated, have 
been, with few exceptions, the only places to which the 
disease has penetrated and in which it has revelled with all 
its fatality - - - it might almost be inferred that it is a 
malady as far as regards predisposition PECULIAR to the poorer 
portion of the population." 
The Sanitary Policies 
Legislation by Acts of Parliament, first in 1848 and 1849 
and amended in 1855 as the Nuisances Removal and Diseases 
Prevention Act, further amended by the Sanitary Act of 1866, 
empowered Local Authorities, if their case was proven before 
magistrates, if the nuisance was such as to render the premises 
unfit for human habitation, to prohibit the use of the 
house for that purpose. Further legislation in 1868,.The 
Artisans & Labourers Dwelling Act (Torren's Act) was passed, 
and the amending Acts of 1879 and 1882, The Artisans Dwellings 
Improvement Acts (Cross's Acts), provided for the gradual 
improvement or demolition of dwellings of the working classes, 
and for the building and maintenance of the improved dwellings. 
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Difficulty of enforcing legislation 
Even though these acts were in existence many forces militated 
against their implementation. Firstly, although the local authori-
ties were empowered to relieve overcrowding, whether or not they 
acted depended on the energy of local officers, the power and 
position wielded by the local landlords and lastly, the view of the 
judiciary. At this time the majority of housing for the working 
classes was rented from private landlords and therefore any demoli-
tion or vigorously enforced ticketing was naturally opposed. The 
work of identifying overcrowding and insanitary living conditions 
fell upon the local medical officers of health and the experience 
of one of them should suffice as an example: 
(Dilke op. cit.) 
"In districts where the goveming body are not efficient, 
much of their inaction and obstruction can be countered by the 
energy on the spot of an able medical officer so long as he is 
able to retain his office. One parish, which has been named 
(St. Pancras), was a case in point: its vestry is less ineffici-
ent than certain others in the metropolis: compared to some, it 
is an enlightened body, but it has been sufficiently backward to 
decline to follow the medical officer's recommendation to adopt 
the tenement provisions of the Sanitary Act, Nevertheless, by 
continual vigilance and activity he thoroughly investigated the 
condition of the district, and he put himself in a position to 
use all the power placed in his hands. Your Majesty's 
Commissioners much regret to notice that during the revision of 
their report the medical officer in question found himself com-
pelled to resign on account of his relations with his vestry." 
Evidence given elsewhere in the report reveals that in the area 
referred to (St. Pancras), houses were in multi-occupation, a 
typical example being a house containing six rooms occupied at 
that time by six families with as many as eight persons inhabit-
ing one room, The property belonged to a member of the St, 
Pancras vestryl 
There were undeniably in the late 19th century those who saw 
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the problems of sanitation and health as one of 'housing' 
clearance. Housin~ in this sense refers to a roof and four 
walls: how many people were encompassed by this structure or 
the facilities they were given to support life appear to 
have been beyond the direct concern of the policy advocates. 
However, this era saw the real beginnings of professional 
housing reformers, namely the medical officers of health. 
The contribution they have made to housing standards is 
immeasurable, despite the fact that "not a few were dismissed 
for over vigilance" (Mackintosh 1951). Their evidence to a 
succession of Royal Commissions, and their annual reports, 
though emotive in readin~, were no doubt merely a simple 
statement of the status quo and provided factual data for 
housing reform. Their willingness to communicate their 
findings is clearly illustrated in the Annual Report of the 
MOH for the Norfolk Coun~y Council in 1895 (Mackintosh op, 
ci t.) : 
"Now that the County has appointed a County Medical 
Officer of Health, it is I think, incumbent on that officer to 
produce a Report which shall be of interest, not only for the 
individual members of the County Council, but which shall 
embody statistical tables which will enable comparison to be 
made with other Counties in the way of vital statistics and 
be of permanent value for reference ••••••• In the wording of 
the Feport I have endeavoured to bear in mind that it is a 
report presented to a non-medical body of men, and I have, 
therefore, studied to present it in as practical and everyday 
fashion as possible; and primarily it is not intended to be a 
scientific treatise - but one to interest practical men, and 
yet at the same time to present some scientific facts in 
popular form and lanp:uage." 
Althou~h the Act of 1890 had made it possible for local 
authorities to intervene in housing, the elective powers were 
not made obligatory until the Housin!l and Town Planninp Act of 
1919 (Addison). However, to shm• how policy t<as still 
largely permissively interpreted by political change and private 
interests, the following example, which occurred in 1934, 49 
years after what might be called the 'bad old days', 
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bears a great resemblance to that in St. Pancras. 
'The Housing Act of 1930 (Greenwood Act) increased the 
powers of local authorities in relation to insanitary houses and 
introduced specific subsidies for the rehousing of families 
displaced by slum clearance' ---
In Jarrow, in the N.E. of England, the Council had started 
tentatively on a policy of slum clearance under the Greenwood 
Act with a first order for the North Ward in 1931. Typical 
of the conditions found there are ~iven by Wilkinson (op. cit.) 
"Four hundred people lived in ninety-six dwellings, with a 
total of 184 rooms", (a child under one year was not counted, 
and a child one to ten years' old was only counted as half an 
adult). The Ministry of Health confirmed the clearing order 
after an enquiry. The property owners opposed the order and, 
although their appeal was dismissed in the High Court, it was 
allowed in the Court of Appeal in 1934. 
It was not until the Housing Act of 1935 which made 
overcrowdin~ a statutory offence, that local authorities were 
~iven compulsory purchase nower. However, even then the 
practical implementation of the Act depended on the definition 
of overcrowding adopted and in practice affected mainly families 
livin~ in exceptionally small houses, and exceptionally large 
families living in ordinary houses. Therefore, in effect it was 
a return to the sanitary policy of the 19th century. 
Ineffective though the Act of 1890 proved to be, it did 
establish the principle that the state could interfere with 
property rights in the interests of the public health. Later acts 
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based on the Dilke (op. cit.) report reinforced this principle 
and made some attempt to make its administration more effective. 
However, overall the policy remained negative, with the major 
concern being demolition without due cognisance being taken of 
the rehousing of those rendered homeless by such a policy. It 
was in time realised that if this problem was not solved the 
clearance of insanitary property would defeat its own object by 
increasing overcrowding among the poorer families. It is not 
surprising, therefore, that the policies of the nineteenth century 
offered no real solution and even the activities of the private 
philanthropic bodies, "the 5 per cent philanthropists", (Fig. 1), 
did not add to the supply of houses. But within this historical 
framework building byelaws were formed. 
The Building Byelaws 
Today the relevant legislation is still largely that of 
the Public Health Acts, though the scope has been enlarged and 
they are now operated by local authorities. Anyone proposing 
to build, alter or reconstruct a building must submit plans for 
the approval of the local authority. This approval is normally 
given only if there is strict compliance with the byelaws. These 
now encompass siting, drainage, environmental protection, 
ventilation of buildings and minimum standards of openable window 
areas. Regulations also govern the height of habitable rooms and 
thermal insulation. Also included in the byelaws are regulations 
concerned with the provision of food storage (the ventilated 
larder). 
Until 1965 building byelaws were made by the local 
authorities, though these were commonly based on model byelaws 
recommended by the Ministry and substantial deviation from 
these was rarely allowed. However, individual variations were 
-8-
f.OY~L CO~Bl!SSIO:> O:> 'l:llll l!OUSI:>.G OF TUE WOl:IUNG CUSSf:S. 
MEJJIOR.ANDIDI BY THE R~GHT HON. SIR R. A._ CROSS; .JJLP. 
I think that it is qt1ite right that Lord Shaftesbury's .A.~t (Labouririg Classes Lodo-in"' 
Houses Act) should, so far as London is concerned, be made rnetropolitan instead of 
z!aTochial, and that the machinery for putting it into operation should be simplified ; 
but I have great objections to the local authority taking upon itself the dutj of pro-
viding for the housing of the working classes, except under exceptional circumstances. 
I ao-ree very much w.ith the remarks of llfr. JJiorrison, ·the sub-con-vener of the city 
of Glasgow Improvement Trust in 1875,-which are to be· found in the Parliamentary· 
Paper 0.-1143, 1875, at present before this Commission, and which are as follow:~ ... ·. · 
". \Ve do not build houses, as a sufficient number of these are erected by llrivate · 
enterprise to meet all the wants, and no case·of real hardship is 1.-uown. · .. . · 
".The l10uses now built are under restriction (so far as witliin the Glasgow municipal 
boundaries only). See Glasgow Police . .Act, 1866, particularly clauses 370 and :sn, 
through which provision is made forventilation, &c., &c:, &c., and these .are rigidly 
enforced in every case. . . . . . .. . . . . . ' . - . . . 
"\Yo arc opposed to competing with private enterprise;·as such :a. course checks 
building. · N eith~r do we consider it prudent to become philanthro1)ic landlords, to let 
houses helmv the actual rents to any class, as this has a decided tendency to pauperise 
and destroy t):mt feeling of independence in our. wor1.-ing class population. to which 
they are already .too prone. · · · . 
" The only exception to t.ltis rule is the case of our lowest class population, the waifs 
ancl strays, too poor or too improvident to he able to rent houses, for whom we lmve 
built and furnished airy lodging-houses, with large day-rooms, lavatories, &c., where 
each hns u separate clean bed at. the charge (including use of cooking range and 
utensils). of 3§cl. }Jor night, and :these institutions are so managed as to ho self-
supporting, including 5 per cent. interest on tho capital. ,· . . . 
. "~'here has never been a single case of feYcr or epidemic disease in theso locl"in"-
hotises· since built several years ago, demonstrating the wisdom of dealing with eve~ the· 
dregs of society. Of course tho rules are stringently cnforcecl. 'l'his ch::\ractcr of 
lotlging-bouse nccommoclation we consiclcr of vast importance in all large centres of 
population." · 
It is, in my opinion, in this cxcept!onnl case of the lowest clnss population that. 
tho action .of the local autho1·ity is so mncl1 needed. . . . · 
I quite ngree 'vith the Report so far as tho prisons of JJiillhank ancl rcutonvillo nro 
concerned; but under tlw provisions of tlte Prisons Act of 1877 the collnty o.f ]ticldle:;c•:·: 
would have claims upon the ground now occupied hy Colclhath .Fielt1s, which it woulcl 
be impossible to overlook 
. RICHD. AS8ID,TON CTIOSS. 
Fig. 1 Extract from Report of Royal Commission on the 
Housing of the Working Classes (1885). 
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common throughout the country. Any new Ministry standard 
required the amendment of the byelaws in all areas by the 
local authorities. This cumbersome method of legislation 
served to restrict the rate of progress as different 
authorities naturally worked to their own time scale. Greater 
centralisation was proposed in the 1961 Public Health Act 
which contained provisions for repealing the power of local 
authorities to make building byelaws and empowered the Minister 
to make regulations for the whole of England and Wales. In 
Scotland building byelaws made by local authorities were 
replaced in 1963 by building regulations made by the Secretary 
of State for Scotland under the Building (Scotland) Act, 1959. 
The new building regulations issued in .July 196.5 were subsequently 
amended in minor detail yearly until in 1972 regulations were in 
effect framed by the Ministry and promulgated for 
compliance by local authorities. Although minor alternatives 
are allowed under certain sections, viz. ventilation, heating 
etc., it is now possible to obtain overall standardisation of 
main provisions. 
Housing Reports and recommended standards 
In contrast to the Building byelaws which are enforceable 
by law and which basically are still concerned with health 
there are recommended standards of space and design. In 
principle these are designed to encouraee the building of 
houses that conform to standards of design that give greater 
comfort and convenience to their occupants. Thus, a building 
byelaw will specify that any larder for the storage of 
perishable food (other than an enclosed space having means of 
refrigeration) shall (unless it is adequately ventilated by 
mechanical means) be ventilated to the external air. Reports, 
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however, recommend standards of space and design. For 
example, the current housing report upon which housing standards, 
costs and subsidies are based, Homes· for Today and Tomorrow 
(1961) which is commonly referred to after the name of the 
Committee Chairman, the Parker Morris Report, deals with the 
influence of increasing affluence and social changes on 
the types of houses which are needed. 
Reports traditionally are written in terms of recommended 
minimum standards, presumably because the gulf between 
existing and proposed standards is so great at any one time 
that to put forward an optimum standard for consideration would 
constitute too radical a change and advance for economic and 
political acceptance. Although one can accept the argument 
that if improvement can only be brought about by gradual change 
then that is better than accepting the status quo, the danger 
becomes apparent in any time of rapid progress that legislation 
to implement recommended minima takes so long to become effective 
that they become obsolescent before publication. Some of 
the recommended minimum standards of the Parker Morris report, 
even although entitled Homes for Today and Tomorrow were already 
being exceeded in 1969 by some public authorities when certain 
minima became statutory requirements for them to qualify for 
exchequer building grants (Woodhead 1971). 
However, it would be invidious to discount the invaluable 
service to the consumer that the various reports represent, 
because without them what was 'known' of housing conditions would 
never have received the same degree of public recognition. 
And indeed, albeit retrospectively, the housing reports serve 
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as a vital source of input to the building regulations themselves. 
Therefore, in the overall structure of legislation and 
practice, the distinction between minimum standards, desirable 
·housing standards and building regulations, are not clearly 
defined in mutually exclusive categories. It is seen 
that regulations now not only deal with the historic areas of 
hazards to health and structural stability but aleo cover such 
areas as sound and· thermal insulation. The Scottish Building 
Regulations go much further in actually stipulating the 
inclusion of domestic services, such as baths, but in the 
light of the Ballantyne (1917) report, historically this is 
hardly surprising. 
Once the principle has been established that a desirable 
minimum standard can exceed that strictly dictated by public 
health and safety, and that other criteria are relevant, 
the limit becomes one of economic viability (though, of 
course, in this field the underlying political theory that 
is attached to a specific political party becomes freely 
interchangeable with 'economic viability') and social relevance. 
This is the problem that faces those who construct and 
propose 'minimum' standards for desirable housing. Thus the 
Guest Connnittee (1957) concluded: 
"the building standards which prevail at any time must 
of necessity, be the result of some compromise between what 
would be perfect and what is practicable, and must take into 
account the state of development of building and design 
techniques and what the nation can afford." 
However, if one believes that thenation's resources 
also include its people, the phrase which appears in the 
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report in an entirely monetary connotation - - -'regard to the 
economic use of the nations resources', leaves one not 
entirely convinced that they consider the erection of houses 
to a standard that is above that mandatory for public health 
and safety strictly necessary. however, the economic 
paradox that arises through aiming at finite goals in housing 
is well known, as Schorn (1964) states: 
" over a third of Liverpool's council houses do not have a 
reasonable number of power points. They do not, therefore, 
permit the use of heating and other modern utilities, Most of 
these dwellings are less than thirty years' old and will be 
occupied for some time. Yet installing the power points would 
be a major undertaking, interfering seriously with new 
building. One decade's compromise is the next decade's 
vexing problem~ 
This type of conflict is common throughout all housing 
policy, the conflict being most apparent in areas of opposing 
economic and political ideologies. A major aim of research 
in the housing field should, therefore, be the identification 
of areas where the needs of people can be proven. Then 
standards will not be constructed on the length of string 
syndrome but rather on human needs. 
Government involvement in housing 
Before 1918 working class dwellings were, with the 
exception of those provided by would-be philanthropist$, almost 
exclusively provided by private enterprise. This would vary 
from the tied accommodation provided by employers for their 
work force to accommodation built and let for profit. The type 
and quality of housing one obtained was, therefore, directly linked 
to employment or ability to pay, though some large cities, 
Liverpool, Birmingham and one London borough, Shoreditch, had 
attempted to provide working class accommodation on a small 
scale. The principle was considered undesirable as the poorer 
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sections of the community were unable to afford a rent that 
provided a profitable return on the housing investment. 
(see Fig. 1) . 
Some idea of the problem facing the Borough of Shoreditch 
can be seen from the testimony of Dr. Robinson the Borough 
clerk, whose evidence to the Select Committee on repayment 
of Loans by Local Authorities.(l902)was as follows. (Now it is 
the Pakistani, West Indian or Overseas Asian who is quoted 
as causing overcrowding, whereas at the beginning of the 
century it was the Polish Jewish communities): 
(Answer to) Question 5346 
"We had a large number of applications, We advertised that the 
places were to be let, and we had about 300 applications for 
the first SO tenements. We sent our superintendent round, and 
had a very careful report with reference to these people, and 
we gave preference to persons living in Shoreditch already, 
persons who had been displaced by the scheme if there were 
any, but only one family applied. There was only one family, but 
perhaps three or four persons." 
Question 5350 
"I do not think you have quite told us how you fixed on the one 
man out of 300 who was to enjoy the advantage of living in the 
house? We had a great number of applications from people 
who had such large families it was almost heart-rending to go 
through them and that is one of the greatest evils of the 
housing question in the East End of London - people with 5, 6, 
7 or 8 children would apply for two rooms; that is all they 
could afford from their wages and we found that we should be 
allowing more than two people to occupy a room, and that, 
according to the Local Government Board standard, would be 
raising insanitary conditions; therefore we were bound first 
of all to strike out those who had larger families, and they 
were the bulk of the people. Now those are the people who 
want housing accommodation in the East End of London; no 
private speculators will take them in because of the large 
families. We have had cases where people actually came and 
lied to us as to the number of their children, representing 
that they had a certain number and when they got the 
tenements we found afterwards that they had other children who 
came up from the grandmother's house, or some relative's 
house, because they found they could not get accommodation 
if they told the truth as to the number of their family." 
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Question 5441 
"I take it that the people are being sweated in consequence of 
the scarcity of the houses? -Yes, I do not say that they do it 
wilfully to sweat them, but according to the economic principle 
of supply and demand, when there is all demand and no 
supply, then they have to pay a sweating rent. We have 30 per 
cent of workers in Shoreditch but they are not Polish Jews 
and the wretched off-scouring of London, but the bona fide 
working man, who is the backbone of the country." 
Question 5446 
"Is it not possible to carry out a housing scheme without 
charging for two rooms 7s. 6d? Not if you pay E2l,OOO for the 
land. We have come to this - that I am advising my council 
that it will be better to build municipal dwellings on leased 
land than on freehold land bought under these onerous conditions." 
There was little scope therefore for legislation controlling 
standards of housing whilst economic subsidies were considered 
politically undesirable. But, by the beginning of the 20th 
century two con:lusions were becoming inescapable: that it 
was no longer possible for the working people to pay an 
economic rent for homes built by private interprise, and that 
State enterprise must, sooner or later, take up the challenge -
not merely by subsidy, but also by the planning, design and 
establishment of standards in housing. 
Although the precedent for political intervention had 
already been created (Dilke op. cit.) major government 
involvement did not occur until the introduction of rent 
control in 1915 during the first world war. The introduction 
of rent control must, of course, be seen in perspective, together 
with other price controls and rationing as part of the war-time 
machinery of legislation to control the prices of the main 
necessities of life. However, in the case of houses and rents. 
the situation was doubly complicated. The pre-war dissatisfaction 
with housing had at last received official recognition and 
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become a gambit of party politics; also, because 
Government had interfered once in housing through the 
'introduction of rent control, it was now expected, perhaps 
illogically, not only to maintain interest but also to accept 
a major responsibility for future housing conditions. 
Responsibility for the post-war housing had become a Government 
matter, and ''Homes, fit for Heroes" was to become a popular 
election cry. 
In the political climate prevailing after the war, 
housing became a cornerstone of socio-political policy, and 
the economist's generalisation. "If the Government controls 
prices it will, sooner or later, have to interfere in supply 
and distribution", was demonstrably brought home. Therefore a 
continuation of the 19th century sanitary policy, the object 
of which was primarily to prevent or destroy insanitary housing 
conditions, rather than to create good conditions, with the 
actual provision of houses by local authorities remaining a 
step taken only in the last resort, was clearly unacceptable as 
the basis of a new housing policy. There has since been a 
series of experiments up to current times by successive 
Governments to provide houses for the population. The success 
of each experiment has been governed by both political policy and 
the form of economic expediency that particular parties have 
favoured. However, once Government had become involved some 
form of standards input was required and thus the housing 
reports represent a continuum of current thinking on the 
structural and space parameters required for human habitation, 
As has already been said these frequently state desirable 
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minima. The difficulty is to differentiate between standards 
that are merely a progressive increase of previous standards, 
the increase being brought about by developing social 
awareness and those standards that are based on definitive 
research. If housing standards are to reflect human needs, 
physical and sociological, some at least of these requirements 
can be provided by research in those areas where previously 
·informed opinion formed the basis for planning. It is, 
therefore, worthwhile to examine the various housing reports 
in order to identify areas where research can provide previot1sly 
lacking viable input. 
Currently the levelling of social structures is officially 
recognised in that the latest housing report (Parker Morris) 
omits the phrase 'working class', their terms of reference 
requiring them "to consider the standards of design and 
equipment applicable to family dwellings and other forms of 
residential accommodation, whether provided by public authorities 
or by private enterprise". However so that earlier reports can 
be put in perspective one must appreciate that they were aimed 
specifically at the 'working class' but, as will be appreciated, 
this did include a considerable proportion of the population. 
Cullingworth (op cit) gives the following definition and 
cites a schedule of the 1936 Housing Act (dealing with "rehousing 
by undertakers of Displacement of Persons of the 'Working Classes'"), 
as his source. It was laid down that it included: 
"mechanics, artisans, labourers, and other working for wages, 
hawkers, coster mongers, persons not working for wages but 
working at some trade or handicraft without employing others, 
except members of their own family, and persons other than 
domestic servants whose income in any case does not exceed an 
average of three pounds a week, and the families of any such 
persons who may be residing with them." 
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It is interesting to note that an identically worded definition, 
except that the above wage detailed £3.has been substituted 
for a wage of 30s., first appeared in a schedule to Housing of 
the Working Classes Act 1903. 
The Housing Reports 
Althou~h these frequently represent trends of opinion, 
rather than deductions from evidence, in the absence of the 
latter the former, where clearly presented, formed the basi~ 
of proposed standards. If one considers housing as environmentally 
protected space, this is one standard that it is possible to 
trace through successive Reports and Legislation. The early 
reports are, quite naturally, concerned with space per se. 
It is not until later that activities within that space are 
given due consideration. Even today an area or home is 
specified and the occupants are perforce to contain their 
domestic activities within this structural perimeter. The 
ergonomics ideal would start with the occupant, study his 
needs, desires and activities and pattern of living and 
then structure the physical environment in such a way as to 
allow these to be accomplished. 
It is worth noting here that yet another complication 
enters the field of housing design, viz. the designer or 
architect, and to show how designers are influenced the following 
quotation from Lee (1972) is relevant: 
"- However, a very large portion of this traditional 
appraisal has been restricted to judgements on a single though 
complex criterion - the aesthetic satisfaction which the 
exterior architectural forms give to the spectator. No one 
would deny the importance of this, but in recent years there 
has developed some healthy turbulence in the profession as it 
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has tried to ride the storms created by an exploding science and 
technology. Most significantly perhaps the Functionalist move-
ment shifted the order of precedence for aesthetics over function 
that had prevailed in the Beaux Arts tradition and hopefully 
declared that form should follow function. This injunction is 
now widely accepted but in the curiously complex jungle of ambi-
valences, conflicts and prejudices has managed to take functional-
ism on board while still cherishing the pre-eminence of Art. 
Although the schools devote much of their design criticism to 
whether a building will tworkt, one suspects that the highest 
prizes in the profession are reserved for those who show creati-
vity, originality, spontaneity and other similarly emotive 
qualities which form the language of aesthetic appraisal. It is 
still true to say that the proportion of photographs of the 
exterior elevations of buildings reproduced in the journal greatly 
exceeds that of the interiors and although the textual material of 
evaluations (which is voluminous) now makes reference to how the 
building may be expected to 'function', it is rare to see any 
objective assessment of human response by the people actually 
using it. 11 
The Housing of the Working Classes (Dilke Report) 1885 
Although there was no shortage of legislation in the latter 
half of the 19th century dealing more or less directly with 
housing, the trouble was its ineffectiveness and little public 
sector housing was completed. However, reference was made in the 
Dilke (op. cit.) report to space and storage, though in the case 
of the latter the lack of it:-
" ••• and when it (water) is drawn it is kept by the poor in 
tubs, sometimes in sleeping rooms, there being no storage 
accommodation in most of the small dwellings. n 
No further reference is made to the provision of storage in the 
report. 
Dealing with space the report has the following comment: 
11It is probably not necessary to go into the question of the 
amount of cubic space of air per head in sleeping rooms necessary 
for the maintenance of health; the amount which the vestries were 
said in evidence to recognise as sufficient, 300 cu. ft. for each 
adult is not excessive, being one half of the minimum allowed in 
prisons and police barracks, ..•• but the amount found in 
tenement houses often falls far short of that moderate allowance." 
It is surprising, therefore, especially in face of the wealth 
of evidence of which two typical passages are quoted below, 
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that no concrete space recommendations were made: 
"Noxious trades are a grave source of insanitary conditions, 
expecially when carried on in already unhealthy dwellings. 
Rag-picking is a powerful means of carrying disease, owing to 
its filth. Sackmakers and matchbox makers often do all 
their business in the room in which their families live and 
sleep. The latter have to keep their paste warm, and the smell 
of it is most offensive. The most pernicious of the trades, 
however, is rabbit pulling, in which the fur is pulled from 
the skins, making the atmosphere most offensive, owing to 
the process adopted in the trade, and the fluff-laden atmosphere 
.has the most harmful effect upon the lungs. Haddock curing and 
smoking are perhaps more disagreeable than dangerous, but the 
practice of costermongers storing in their rooms and under 
their beds, their unsold stock, watering it in the morning 
to give it an appearance of freshness, must be the means of 
bringing into houses large quantities of decomposing matter " 
Although the Church was, naturally, more concerned with 
drunkenness. and immorality rather than sanitation, their 
opinions were mixed. The Vicar of St, Paul•s, Bunhill Row, stated: 
"I do not think that bringing up a large family in dne room 
conduces to immorality provided no lodgers are taken in." 
However, dealing more specifically with cases of incest he has 
this to say: 
"The subject is not one which calls for speculative op1n1ons, 
and there cannot be any question that every effort should be 
made to put an end to a state of things which familiarises 
children of tender years with scenes they ought never to 
witness." 
The Inspector of Schools for the London School Board, 
Mr. Marchant Williams, gives perhaps a clearer deduction as a 
result of his enquiries: 
"I speak from knowledge of the facts: I have not the least 
doubt about the overcrowding I have witnessed being productive 
of immorality. I visit a house and ask the woman how many 
rooms she occupies and she tells me two. Then I ask her, 
'How many in the family?' Her answer is, 'We are 10 or 11.' 
'How many beds?' 'Two bed•.' 'I suppose you and your husband 
occupy one?' 'Yes, and two or three of the younger children.' 
Then there are an eldest son and an eldest daughter aged 
perhaps 20 or 18 or 19, as the case may be, and when I shrug 
my shoulders, the reply very often is, 'You must bear in mind 
that my daughter does not, or that my daughters do not, always 
come home at night, they do not always sleep here.' 'They are 
prostitutes, and are encouraged to be prostitutes by their parents'." 
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Although official recognition.was not afforded to internal 
space standards and even though philanthropists expected a 
return on capital invested in housinp.:, it is germane to the 
basic principles of housing design to note that at least one 
architect, Birch (1871) was prepared to take seriously the 
environmental planning of dwellings for the 'labouring 
classes'; to publish his own pamphlet on the subject and 
enter a soundly reasoned argument (Birch 1870) as to the economic 
viabilfty of 'Improved designs'. His work was, of course, 
dependent on commissionin~ by wealthy 'landed gentry', as the 
address to his p&~phlet indicates:· 
_1_ ____ -r----
TO TilE 
f OBILITY AND PENTR.Y, 
TillS 1',\oli'IILET 
IS 1-IOS"f RESPECTFULLY !NSCRillED 
llY THEIR MOST OllEDIE:::IT 
HU~!IJLE SERVANT. 
JOHN BIRCH. 
Fig. 2. Dedication in Labourers Cottapes, Birch, J. (1871). 
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It is, hm•ever, a pity that some of his remarks have 
not been read - and noted by those who permit the erection of 
vertical rise monstrosities and the removal of architectural 
heritage: 
"There are a few good examples of the quaint Old English 
cottage to be found; the few that remain show taste and rural 
simplicity. It would be well, where not too dilapidated, to 
renovate these Old English features instead of having them 
destroyed and effaced by Builders and Carpenter-Architects 
(Birchs' italics) who, from want of ability and taste, replace 
them with buildinp:s of an exceedingly common and vulgar description." 
and: 
"In erecting cottages throughout the country, besides 
arranging and building them badly, it is the usual custom to 
make them as plain and unsightly as possible, as if the 
different forms of arrangement were not capable of being made 
more or less picturesque in their external treatment; there is no 
reason why this should be so: a little taste, prudently 
exercised, adds but little, if any, to the cost of a compact 
plan, and while it is necessary that the dwellings be healthy 
and comfortable to live in, the external appearance ought also 
to be of an appropriate and pleasing character. The smallest 
hamlet on an estate ought to be in keeping with the mansion 
and denote, by a picturesque rusticity, the purposes 
to which it is devoted." 
His attention to details can be seen in his plan for 
Labourers' Dwellings, which were awarded The Society of Arts 
!-ledal, (Fig J): 
"Each d10ellin!! contains a living room, three bedrooms, 
entrance porch, scullery, pantry, fuel stove, piggery, privy, 
cesspit and ashpit." 
"F.ach scullery is fitted with a washing copper, sink and 
a fireclay baking area. The sculleries are also fitted with 
towel rollers and plate racks, and the pantries have store 
shelves and galvanised iron meat hooks." 
He was clearly aware of existing overcrowding. 
"In many parts of London, four, six, eight and in some 
cases ten-roomed houses, can be found with families of from 
t~<o to six occupants (children and adults) living in each 
room of the house, some of the rooms containing not more 
than 600 or 700 cubic feet of space in all •••••• " 
and the underlying factors involved: 
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Fig, 3 Labourers' cottages designed by Birch. 
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"The question of providing healthy and convenient dwellings 
for the poor in large towns as well as in the country at rents 
equal to their means, has not received that attention the 
importance of the question deserves. Many of the dwellings in 
large towns, being demolished from time to time to make room for 
public works and other improvements, render it necessary that the 
poor should be provided with additional accommodation, and such 
ought not to be left to unscrupulous enterprise, but should be 
under the jurisdiction of some responsible authority, to ensure 
these buildings being constructed to embrace every improvement 
of the age •11 
In a letter to the 'Times! (Birch 1870), he drew comparison 
between plans he had prepared of dwellings designed for the tpoor 
of Liverpool' and those existing dwellings owned by philanthropic 
bodies. Although not adopted, they proved on examination by the 
borough engineer to offer a higher standard of accommodation, 
provide a better economic return of capital, and yet still be 
capable of letting at a rental within a 'working-man's' means. 
Therefore, his views on space standards in these dwellings (Figs. 
4 and 5) provide a useful yardstick for future comparison. 
Dwelling Class 3 (the class indicates the number of bedrooms) 
cu. feet 
Scullery, Pantry, etc . .. . . .. 896 
Living room ... . .. .. . . .. 1,344 
Bedroom No.1 ... ... .. . 1,008 
Bedroom No.2 ... ... . .. . .. 864 
Bedroom No.3 . .. ... 756 
The dimensions quoted are in cubic feet but, as the height 
of ceilings advised by the model byelaw of the period was 8 feet, 
it is possible to calculate floor area:-
sq. feet 
Scullery, Pantry, etc. ... ... . .. 112 
Living Room ... ... ... ... . .. 168 
Bedroom No.1 ... . .. . .. ... .. . 126 
11 11 2 ... 108 . .. ... .. . 
11 11 3 ... .. . .. . ... .. . 94.5 
Balcony and Lobby and Stairs ... ... .. . 120 
TOTAL 728.5 
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Fig.4 Elevation of the Proposed Design of Dwellings 
for the poor of Liverpool (Birch 1871) 
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Fig. 5 Plan of proposed design of dwellings 
for the poor of Liverpool (Birch 1871) 
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'Convenient baths', wash houses and laundry buildings were 
arr·anged at the rear of the dwellings. Therefore if one adds an 
allowance for a bathroom, say 50 sq. ft. 1 the total area would 
become 778.5 sq. ft. 
From copies of Birch's plans it is also possible to 
calculate the combined volume of kitchen storage provide~ viz: 
Gross volume 
Pantry 112 cu. ft. 
Fitted cupboards ... 24 " " 
Total 136 cu. ft. 
Before leaving the work of Birch, it is perhaps interesting 
to note his method of warming and ventilation,(Fig. 6>. 
To follow Birch further would clearly lead to the 
realm of socio-economic policy, but suffice it to say that 
he was able to demonstrate that good and effective design 
could provide dwellings of a higher standard, even though 
costing less capital outlay and giving a greater capital return 
than those erected by philanthropic bodies. Therefore, the 
criticism of Cullingworth (op. cit.) "Housing reformers might 
argue that it was obvious that the comfort of families "both 
morally and physically are much better catered for when each 
house has at least three bedrooms", is not fully justified, 
especially when one appreciates the fact that Birch's designs 
included dwellings whose internal structure allowed for 
division into 1, 2, and 3 bedroomed dwellings, the size 
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vc.._[[.Z,.db<.:f ~ Co-a:~.s' 
Fig. 6 Method of Warming and Ventilating Cottages ·(Birch 1871) 
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depending on the needs of the occupants. However, his remarks 
following the implied criticism are germane, "but of what 
relevance were these standards if families could not afford 
the rents and if housing subsidies were politically 
impracticable?" 
Some 48 years later, precipitated by the First World 
War, official recognition was awarded housing standards. 
Although there was still no general agreement on policy and 
objectives it was agreed that the abnormal conditions of 
the "early post war period" required a new approach whereby 
there could be a direct·provision of housing by local 
authorities supported by Exchequer grants and the local 
rates. However, some method of controlling this capital 
expenditure was required. One method was to limit the amount 
available and then allocate this on the basis of 
predetermined priorities. But even when allocated, some 
system had to be evolved whereby buildings on which public money 
was to be used achieve acceptable standards of quality and 
suitability for their intended purpose. Historically, therefore, 
the main purpose of the housing reports can be said to be 
the formulation of standards that take due cognisance of actual 
humah requirements. The extent to which this aim has been 
met can be seen by further examination of subsequent housing 
reports. 
The Tudor Walters Report (1918) 
This report was prepared by a committee under the 
chairmanship of Sir John Tudor Walters that first met in 1917 
to consider:"Questions of building construction in connection 
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with the provision of dwellings for the working classes in 
England and Wales and Scotland". 
In the optimistic climate of 1918 the Report not only 
recommended the provision of houses which would be of a 'high' 
standard but also argued that it was uneconomical in the long 
run to add to the already large number of dwellings of a 
type which were inadequate to meet rising standards: 
"it is only wise economy to build dwellings which, so 
far as may be judged, wi.ll continue to be above the accepted 
minimum, at least for the whole period of the loan with 
the aid of which they are to be provided, say 60 years". 
Surely sound policy, but, unfortunately one that is still 
waiting for implementation until such time as Government can 
see beyond its own immediate term of office. 
The basic recommendations included: 
a) "The most general class of house should contain living-room, 
scullery, larder, fuel store, W.C. bath in separate chamber 
and three bedrooms". 
Two storey houses, as distinct from flats, were recommended 
as the most economical type of development, with densities of 
12 houses to the acre in urban and eight houses to the acre in 
rural areas: 
b) "it is not a sound economical policy to reduce the cost 
of buildings by cutting down unduly on the size of rooms". 
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The recommended plans for three-bedroomed houses (the 
pre-war dwelling where comparable had two bedrooms) averaged 
855 sq. ft., though it also strongly recommended the building 
of a proportion of three-bedroom houses having on average a 
floor area of 1,055 sq. ft. excluding fuel store and other 
stores. 
The desirable floor space minima they recommended are 
set out below and representative plans of the the different 
ways in which this c?uld be utilised are shown in Figs. 7, 8, 
9, 10 and 11. 
Desirable Minimum Sizes of Rooms , 
House without parlour Floor areas 
in sq. feet. 
Cubic contents in 
cubic feet* 
Living room ... 180 1,440 
Scullery ... 80 640 
Larder 24 
Bedroom No. 1 . .. 150 1,200 
" No. 2 lOO BOO 
" No. 3 65 520 
House with parlour Floor areas Cubic contents 
in sq. feet. cubic feet* 
Parlour ... 120 960 
Living Room .. . . .. ... 180 1,440 
Scullery .. . ... 80 640 
Larder ... 24 
Bedroom No. 1 ... 160 1,280 
120 960 " No. 2 .. . . .. 
" No. 3 110 880 
* The report computed the cubic contents by multiplying the 
floor areas by 8 feet, the assumed average height of the rooms 
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in 
Though much of the report is concerned with the desirability 
of providing a parlour in addition to a living room other. 
internal arrangements arising from desirable practice and 
technological development can be seen in their recommended 
plans. 
---1~~-:n:-1! 
Fig. 7, Tudor !<alters Type I dwelling. 
Type I dwelling. Although this represents a considerable 
increase in space and amenity for the typical working class 
accommodation of this period note that all cooking was 
intended to be done on the cooking range in the living room 
and a bath though provided was placed in the scullery. 
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Fig. 8. Tudor Walters Type IA dwelling 
Type Ia Dwelling. The domestic cooking arrangements remained 
virtually the same i.e. cooking on the cooking range in the 
living room. However by a reduction in size of the 
scullery and living room it became possible to provide a 
separate room for the bath and a second living room viz a 
parlour. 
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Fig. 9. Tudor Walters Type II dwelling 
Type II. This represents one of the first designs that attempted 
to remove some of the cooking operations from the living room. 
The living room was equipped with some modified form of 
grate intermediate between a cooking-range and sitting-room 
grate. The scullery contained a gas cooker and also a grate 
for drying purposes, or in the absence of gas a small cooking 
stove. A separate batbrocm 1<ould also be provided, usually on the 
ground floor, hot water being supplied by means of a boiler at 
the back of either the living room or scullery grate. 
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Fig. 10. Tudor Halters Type IIA dwelling. 
Type IIA, This contains the same accommodation as Type II, 
but with the addition of a parlour. One would like to think 
that the bathroom was placed on the first floor primarily 
from the point of the occupants' convenience, but obviously 
had it remained on the ground floor this would have required 
a greater ground area and first floor area than was practicable. 
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Fig. 11 Tudor Halters Type Ill dwelling 
This further proposed recommended design contained a 
living room which \.•as provided ·with a sitting-room grate and 
from which all cooking operations are definitely banished; scullery 
(with copper, sink, cooking range and gas cooker if one was 
available) sufficiently large to enable all the work connected 
with the cooking of meals to be carried on there; bath upstairs, 
hot water supplied from a boiler at the back of the scullery 
fire, W.C. inside, either upstairs or entered from a downstairs 
lobby. Fig. 11 shows a recommended plan utilizing a minimum 
area to implement these provisions. The double broken line in 
the living ;;.rea shows how this space could be divided to provide 
a living room and a parlour. 
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As the larder in this report represents the beginning 
of kitchen storage standards, it is of interest to compute 
their cubic capacity in the manner used previously. 
Tudor Walters 1918 
Larder, recommended minimum sizes: 
~toor area (sq. feet) 
Urban Rural 
12-16 18 
Cubic content (cu. feet) 
(Gross volume) 
Urban Rural 
96-128 144 
The additional storage space recommended for rural areas 
was justified in the report because "as shopping is often done 
weekly or monthly considerably more space is desired". 
On this basis a similar case can be ar~ued for current house-
·holders who, because of economy or convenience, have 
similar shopping habits. 
Yet another parallel may be drawn with current practice: 
"- - - witness stated that a large percentage of rural 
tenants kept a pig, that the pig must be salted in the larder, 
and for that purpose extra space was required - - - there is a 
tendancy for the rural tenants to become a small holder on 
a diminutive scale, and that extra space in the larder 
is required to meet the consequent needs". 
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To cater for these activities, a further storage space. 
11 10 feet by 4 feet (320 cu.ft.) or 8 feet by 6 feet {384 cu.ft.) 11 
was recommended. 
It is not, of course, suggested here that currently there is 
a marked return to small scale animal husbandry and horticulture. 
But with the aid of technology (the refrigerator and the deep 
freeze) many products are today also being bought in bulk and 
stored. 
The Tudor Walters Report, besides specifying floor area for 
storage, also included in its recommendations: 
11It should be provided with a wide bottom shelf of slate, 
stone or concrete • • • the larder should be on the cold side of 
the house. The windows and ventilators should be fitted with 
flyproof gauze or perforated zinc." 
For that period the inclusion of this food storage element 
represented considerable progress as the Minutes of evidence 
before the committee indicate. Examining Mr. Thomas Carnwath, 
M.B., B.Ch., D.P.H., a medical inspector of the Local Government 
Board: 
876. 11 I am glad that you mentioned the provision of a larder, 
You agree with me, do you not, that there should be some 
provision made in the byelaws for the construction of a 
larder? - Yes, I think so. 11 
877. "You agree with me also, do you not, that at the present 
time food is put in all sorts of undesirable places? -
Yes." 
Thus in the absence of definitive research data the first 
storage regulations had to be based on informed opinion, taking 
due regard of the evidence submitted by witnesses on the differ-
ing pattern of life in urban and rural areas requiring different 
spatial recognition. 
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Before leaving the Tudor Walters Report, another example of 
foresight is worth quoting: 
159. "The importance of providing for all the main articles of 
furniture when planning a dwelling should not be overlooked. 
Many recesses have been built too small to receive a piano, 
bed, or dressing table, for lack of attention to this 
r0int, and when plans are under consideration or 
submitted for approval, it is most desirable that the 
position of the main articles of furniture should be shown 
to scale on the plan. Whenever new type plans are being 
worked out, they should be drawn to a large scale so 
that there may be no difficulty in ensuring that all the 
details of sizes, space for the swing cf the doors and 
other similar matters have been adjusted in the best 
possible manner." 
Finally, when attempting to trace a logical rationale for 
a particular standard their comments, in this instance concerning 
doors, provide invaluable guidance for those looking for the 
raison d 1 ~tre: 
"With regard to doors, the standard sizes ordinarily 
made in the trade are: 
2' 4" X 6' 411 
2 1 6" X 6' 611 
2' 8" X 6' 8" 
2 1 10" X 6 I 10" 
There appears to be no logical justification for varying the 
height and width of each size by 2" except that the dimensions 
are easy to remember." 
The optimism engendered by the Tudor Walters report bore 
fruit in the Housing manual issued in 1919 which recommended 
even higher space standards, averaging 900 sq. ft. for a 
three bed-roomed non-parlour house and 1,080 sq. ft. for a 
parlour house. These standards were implemented and, in some 
instances, exceeded. For possibly the first time Local Authorities 
themselves were stimulated to provide not only monuments for 
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the dead, but also dweDings for the living. Part of the 
stimulus was admittedly in the form of the housing subsidy made 
available under the Housing & Town Plaruring Act of 1919, whereby 
all losses in excess of a penny rate incurred by local 
authorities were to be borne by the Treasury. But, neverthe-
less, the houses built during this period reflected the standards 
proposed by the preceding housing reports and enquiries. 
The !first experiment' (Bowley op. cit.) was, however, short-
lived and subsequent experiments with subsidies served to depress 
the standard of building. However, the first real attempt at 
defining standards had been made, as even the Departmental 
Committee formed to look into the high cost of Working-class 
houses reported in 1921, that 11the housing standards adopted were 
'in no way extravagant', in spite of their superiority in size, 
construction, amenity and equipment." 
However, until the end of the Second World War created a 
similar revival of social conscience as occurred after the First 
World War (rather as though the occasional ritual blood-letting 
was necessary for social development) housing standards reflected 
politico-economic involvement, rather than the existing needs of 
the population. The 1923 Housing Act recommended a normal minimum 
of 620 sq. ft., and a maximum of 950 sq, ft. floor space for the 
three-bedroomed house of that period. Furthermore, no progressive 
increase in floor space standards was evident in the next 13 years 
as M,O,H, Circular 1539 issued to Housing Authorities in 1936 statese 
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"The Minister would himself regard the following standards 
as being generally satisfactory": 
"The three-bedroom non-parlour type of house with a superficial 
area of 760 sq. ft. or thereabouts and containing bedrooms of 
about 150, 100 and 80. sq. ft. and a 'living room of 180 sq, ft., 
affords adequate accommodation for a working-class family 
consisting of not more than five persons", 
The Dudley Report (1944) 
In 1942 the Central Housing Advisory Committee appointed 
a sub-committee under the chairmanship of The Earl of Dudley, 
with the following terms of reference: 
"To make recommendations as to the design, planning, layout, 
standards of construction and equipment of dwellings for the 
people throughout the country." 
Their findings were published in 1944 "Design of Dwellings" 
(Dudley Report). 
The inclusion of 'the people' marked a departure from the 
nomenclature of previous reports and opened wider horizons. 
However, undaunted by such licence, Dudley reports: 
"Our terms of reference would justify an examination of 
the whole field of housing. We have decided, however, to confine 
our consideration to the types of permanent dwellings 
commonly built by local authorities, bearing in mind that 
their present powers, under Part V of the Housing Act, 1936, 
are restricted to the provision of 'dwellings for the working 
class., .11 
But at least recognition was given that certain basic standards 
are desirable for all housing whether private or public sector 
and the emphasis they placed on kitchen design represents a 
marked development: 
"Nevertheless, the standards we recommend are equally 
applicable to all types of housing and we feel that steps should 
be taken to ensure that development by private enterprise does 
not fall below them", 
The impact of such advice was clearly felt 26 years later by 
the National Housebuilders Registration Council (1970) who 
deemed it necessary to advise their members in a circular on 
kitchen design: 
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'~y the NHBRC has included clauses in its new 
specification about kitchen planning and storage space! 
Because the Government has asked what the private sector 
was going to do to raise standards. There has been Press 
criticism of new houses for sale." 
However, the report did recognise that there had 
(since the Tudor Walters report in 1918): 
"been changes of outlook and habit affecting the 
design and equipment of the houses themselves.'.' • 
noting that: 
"The last quarter of a century has seen a steady rise in 
the general standard of living and a growing desire for and 
appreciation of good housing - in particular, convenient 
domestic arrangements and labour-sav1ng h~tings", 
adding, with extreme sagacity: 
"We expect this tendency to continue after the war." 
And, as Newsom and Plowden (op.cit) were later able to verify: 
"The Government's post-war proposals envisage a wide 
extension of education and a fuller measure of social security. 
Housing will be expected to keep abreast of progress in these 
fields." 
Due cognisance was also given, not only to technological 
development since 1918, but also to the fact that an awareness 
of this progress existed at all levels: 
"Moreover, the experience gained by the vast number of 
women now in industry and in the services will influence 
their attitudes to housing; for war-time factories and hostels 
often provide high standards of services and equipment, which 
will make such women intolerant of inferior conditions in 
their own homes. In the same way, both men and women have 
become conscious during the war of the potentialities of modern 
scientific developments and will expect to enjoy the benefit of 
these discoveries at home." 
1
'Finally, the wide extension of public services between 
the wars, eg, piped water, electricity and gas, has brought 
changes in our domestic habits, particularly as regards 
appliances for cooking and the selection and planning of the 
room in which it is to be done. As the internal planning of 
small dwellings is very largely dependent on the arrangements 
for cooking, this factor has an important influence on design." 
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In the inter-war years in the commonest type of subsidised 
3-bedroomed house for five persons, floor space varied between 
750 and 850 sq. ft., the first floor being entirely taken up 
by bedrooms. On the ground floor there was a large living room 
(180 sq. ft.), a small scullery with copper for laundry 
(80 sq. ft.), a larder and fuel store, and the bathroom, 
usually combined with the WC. Dudley had the following to say 
on this arrangement: 
"The evidence is unanimous that the scullery in this 
type of house is far too small. This we believe to be 
largely attributable to changes in our manner of living. 
When the original type of council house was evolved, cooking 
on a coal range was almost universal. The range was frequently 
the only source of heating in the house, and was, therefore, 
placed in the living room and, at first all meals were cooked 
and eaten in that room. But with the widespread extension of 
public services this practice has changed and except in mining 
areas, in country districts where no services are yet available, 
and certain places in the North of England where housewives 
are accustomed to bake their own bread, gas or electricity 
is now widely used for cooking." 
"The gas or electric cooker is, however, usually placed 
in the scullery and most of the weekly cooking is now carried 
out there, instead of on the coal range in the living room. 
The natural tendency has been for all the kitchen equipment, 
including the dresser, to follow the stove into the scullery, 
where most of the weekday meals a~e now taken. For these 
reasons, the present scullery is quite inadeq~uate. 11 
Thus, at this period there was commonly a living room 
and a scullery and to show how the kitchen evolved from this 
combination Dudley's awareness of desired patterns of living 
marks considerable insight: 
"We have also examined the use to which the living 
room is put. It was originally intended to be the room in 
which meals would be cooked and eaten and all other family 
activities carried on. We find today a growing desire 
to use it for the social and recreational side of family 
life undisturbed by constant interruption for meals, and this 
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tendency, coupled with the greater convenience of eating 
in the same room in which the food is cooked, has no 
doubt led to the custom of taking most meals in the scullery, 
despite its unsuitability for this purpose. We do not 
think it is generally realised how frequently separate 
meals have to be prepared for a working family, where 
mealtimes depend on hours of work and school and where 
on weekdays it rarely happens that the whole family can 
sit down to table at the same time. The following time-
table is not unusual in an average working household: 
7 .o a.m. Breakfast for husband 
8.0 a.rn. Breakfast for children 
12.30 p.m. Lunch for children 
4.30 p.m. Tea for children 
6.0 p.m. Tea for husband 
7 - 8 p .m. Supper for children 
9.0 p .m. Supper for husband 
If all these meals are eaten in the living room, 
it is clear that it will seldom be available for any 
other purpose, whereas our evidence shows an increasing 
need for a quiet place for study, social intercourse and 
recreation. These needs cannot properly be met by a room 
which is never free from the constant bustle of getting 
meals. 
To meet these needs we consider that the municipal 
house of the future should provide two good rooms on the 
ground floor, so that meals need not interfere with other 
activities. We suggest, that meals be taken either in 
a kitchen designed for the purpose, (Fig, 12), or in a 
dining recess off the living room (Fig. 13). A kitchen 
which is to be used for meals must be a pleasant livable 
room, large enough for the table and all the kitchen 
fittings and equipment, and easy to keep clean and tidy. 
Laundry and dirty household work should not be done in a 
kitchen of this type but in a small separate compartment which 
we propose to call the 'utility room'." 
The Dudley report also recommended three alternative 
ways of dividing up the ground floor of a three-bedroomed 
five person house: 
Ground Floor 
Alternative 1 (Fig. 12) 
Living room ... 
Kitchen for meals 
Utility room 
Total 
Unallocated ... 
... 
Minimum aggregate area 
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... 
.. . 
... .. . 
... 
... ... 
Minimum Area 
sq. ft. 
160 
110 
35 
305 
25 
330 
Mimimum Area 
sq. ft. 
Alternative 2 (Fig. 13) 
Living room with dining space ... 210 
Working kitchen ... ... lOO 
Total .. . ... ... .. . 310 
Unallocated .. . ... 20 
Minimum aggregate area 330 
Alternative 3 (Fig. 14) 
Kitchen living room ... ... .. . 160 
Scullery ... 50 
Sitting room ... 110 
Total ... 320 
Unallocated .. . ... 10 
Mimimum aggregate area ... 330 
As has been shown, the bathroom of the inter-war 
house was usually on the ground floor. If it were to 
remain there this would create a greater ground floor area 
than was necessary to support the new recommended first 
floor bedroom area. Therefore, the bathroom and WC was 
moved to the first floor. However, having outlined this 
reasoning Dudley adds: 
"This arrangement, as our evidence has made abundantly 
clear, will also be far more convenient to the occupier, 
particularly in the case of illness.'' 
The overall changes recommended were, undoubtedly, 
influenced by the changing pattern of "middle class" living 
brought about as Ellacot (1953) states, for reasons of 
economy: 
"Planning for the kitchen, from the architect's point of 
view, first became noticeable in the early 1920's when the 
kitchen came to be considered as a subject for design in 
itself. Convenience for economy-of-movement became of the 
first importance. Servants were not so frequently seen 
in middle-class kitchens. ~~ile servants were cheap and 
would live in, as in Victorian days, there was no great move 
towards labour-saving in the home, but with changing times 
the middle-class housewife could, no longer, afford help. 
However, she had the advanta~e of living in an age 
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ALTERNATIVE 3 
in which women had gained importance, demand by housewives 
for devices etc ••• Previously the organising of the 
household had been done from the drawing room, but now the 
kitchen became the centre of organisation as well as 
the cookery department". 
"One of the most telling changes was the conversion 
of the old type dresser into the beginning of the 
kitchen cabinet. Doors were fitted to the top shelves 
of the dresser design and the lower drawers were lined 
with tin to hold bread and flour. A table, sometimes 
hinged for folding down, replaced the broad lower edge 
of the dresser.'' 
For the first time in any housing report the views of the 
consumer were given greater weight and Dudley goes as 
far as to recommend: 
"It is in our view of the greatest importance 
that in designing and equipping dwellings, account should 
be taken of the way in which a house is run and the use 
which is made of the various rooms. In this matter 
the housewife is the expert and local authorities should 
have constant regard to her views. We find that she 
is still inadequately represented on many local authorities 
and we should like to see a much fuller use by local 
authorities of their powers to eo-opt suitable women to their 
Housing Committees." 
Taking their own advice 17 women's organisations 
were consulted and invited to give evidence to Dudley, 
certainly an increase on the four (including Mrs. Pankhurst, 
representing the Women's Party) called by Tudor Walters. 
Whether the increased attention given to kitchen layout 
and facilities was a result of this increased consultation 
is a matter of speculation. Nevertheless, for the first 
time recommendations are made as to work sequence in 
the kitchen and the provision of fittings: 
uThe 
convenient 
suggested: 
fittings should be arranged in a sequence 
for working. The following sequence is 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
Larder 
Work tab le top 
Draining board 
Sink 
Draining board 
Cooker 
Storage fittings.'' 
This represents considerable progress because for the 
first time a report recommends both a larder and storage fitments 
even though the larder size shows a deerease on Tudor 
Walters (op, cit~ recommendation, 
Tudor Walters 
Urban Rural 
12 sq. ft. 18 sq. ft. 
96 cu. ft. 144 sq. ft. 
Dudley 
Urban Rural 
--
5 sq. ft. 10 sq. ft. 
40 cu. ft. 80 cu. ft. 
Re~ognition is still given to the different storage requirements 
of urban and rural communities. However, most significantly, 
the necessity for other types of kitchen storage is recognised 
and defined• 
"In addition to the larder for perishable goods, 
storage is required for dry goods, utensils, crockery, 
glass, cutlery, dusters, cleaning materials, ironing board, 
etc. in built-in cupboards properly fitted with shelves." 
"The fittings required are: 
(1) A cupboard or two half-height cupboards for 
storage of dry goods etc. 
(2) A kitchen cabinet, having an upper section for 
storage of crockery, etc. and a lower section 
for the storage of table linen and utensils. 
(3) A cupboard for brooms .• 
(4) Small cupboards above the others for the storage 
of things not in daily use. 
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Fig. 15 shows the type of storage fittings envisaged, with 
the mimimum dimensions necessary for fittings in a house ·for 
five persons given by the lower range of sizes. 
Using the sizes recommended the mimimum and maximum 
cubic capacity of the storage can be calculated. 
Min. cu. ft. Max. cu. ft. 
Broom cupboard ........ 16.5 23.0 
Dry goods cupboard .... 16.5 23.0 
Dresser fitting ....... 24.0 32.0 
Total ................. 61.0 78.0 
If to this we add the value of the larder taking the urban 
model as the mimimum and rural as the maximum, becomes 
the recommended total volume storage space 
Urban Rural 
Larder ............... 40 80 
Storage fittings ..... 61 78 
Total . . . . . . . . . . . . . . . . 101 cu. ft. 158 cu • ft. 
Occupying a floor 
space of . . . . . . . . . . . 14 sq. ft. 22 sq • ft. 
No allowance has been made for the volume needed to be 
subtracted for the shelf and door structures, because it 
is the overall storage structure volume that has to be 
allowed for installation. How much needs to be substracted 
from this for the installation of shelves etc, is a matter 
of the design of internal fittings. However, even from 
the illustration of storage units envisaged by Dudley, it is 
possible to doubt the value of recommending standards for 
storage by volume alone, unless some previously calculated 
allowance has already been made for separation between and access 
to the stored items. 
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In addition to this storage Dudley also recommends: 
"A small amount of open shelving is necessary, either in 
the kitchen, scullery or utility room." 
These standards were largely accepted and the Housing 
·Manual (1944), intended for the guidance of local authorities, 
advises on the following standards for houses, successful 
conclusion to the war permitting, to be built in 1945: 
Rooms in Dwellings 
Type of dwelling 
Family dwellings: 
Kitchen-living room type. 
Family dwellings: 
Working kitchen type 
Family dwellings: 
dining kitchen type 
Family dwellings: 
All types 
Room 
Kitchen-living room 
Range of sizes 
In square feet 
(including built-in 
cupboards where 
provided). 
180 - 200 
The same, where a sitting 
room is provided 170 - 180 
110 - 120 
65 - 80 
35 - 45 
35 - 45 
Sitting room if provided 
Scullery-wash house 
Scullery only 
Wash house only 
Living room where there 
no dining space 
Living room plus dining 
space 
Working kitchen 
Living room 
Dining Kitchen 
Wash house 
First bedroom 
Other double bedrooms 
Single bedroom 
is 
180 - 200 
225 - 245 
90 - lOO 
160 180 
110 - 125 
35 - 45 
135 - 150 
110 - 120 
70- 80 
The minimum size of the rural larder was maintained at 10 sq. ft. 
but the urban was reduced from 5 sq. ft. to 4 sq. ft. 
The desirability of modular construction was also recognised 
even although Dudley reported: 
-54-
"We have considered the possibility of providing certain 
other items of equipment, for example, refrigerators, and dish 
washing machines. We hope that methods of mass production 
may in time bring refrigerators within the reach of the great 
bulk of the population, but we do not consider it at present 
practicable to provide them in municipal dwellings. 11 
They did not, however, seem to appreciate the basic fact that 
the structure should be able to accommodate changes that may occur 
during its 60 year economic life {a house built in 1945 is more 
than likely to be still inhabited in 2005) as they add: 
11We doubt the advantages of dish washing machines for 
small houses." 
The housing manual (1944) advised "Standard storage units for 
the kitchen have been designed to be interchangeable with a 
refrigerator, so the occupier may install one if he so chooses." 
Also concerning kitchen storage: 
11The general demand for more and better domestic equipment 
is more particularly concerned with cupboards. It is likely that 
a number of storage units hitherto purchased by tenants will, in 
future, be provided as landlord's fixtures and included in the 
designs for the house." 
They accept Dudley•s recommendation for cupboards and dresser 
types and give the desired length of shelving a value of 8 ft. 
The fitment types are virtually identical {Fig. 16) and recog-
nising that certain standardisation is desirable recommend: 
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Kitchen Stora~e Fittin~s 
Clear space required (inches) 
~ Depth Heigh.t 
Dresser 
Lower part 42 29 81 
Upper part 42 12 81 
Groceries 21 19 or 12 81 
Brooms 21 19 81 
If the height column of the dresser is adjusted to give an 
enclosed volume instead of the •clear' space required, it is 
possible to calculate the floor area occupied and the approximate 
volume of storage available: 
Floor area sq. ft. Cubic capacity cu. ft, 
Dresser 
Lower part s.s 14.7 
Upper part N,A, 9.6 
Groceries 2.8 or 1.8 17.7 or 11.2 
Brooms 2.8 17.7 
Total 11.1 or 10.1 59.7 or 53.2 
However, to this must be .added the larder area and volume: 
Fitments 
Larder (urban) 
11 (rural) 
Total Storage 
Urban 
Rural 
Area sq, ft. 
10.1 to 11.1 
4.0 
10.0 
14.1 to 15.1 
20.1 to 21.1 
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vol. cu. ft. 
53.2 to 59.7 
32.0 
80.0 
85.2 to 91.7 
133.2 to 139.7 
In addition the Housin~ Manual (1944) recommends that: 
"It is desirable that fittings should be carried up to 
the ceiling to give additional 'dead storage' space ••• n 
thus reiterating a similar recommendation made 27 years earlier!,, 
"That cupboards ~enerally should be carried up to the 
ceiling so as not to leave a space on the top where dust 
and discarded articles are liable to accumulate" (Tudor 
Waiters 1917). 
Therefore, if this additional volume is calculated on the 
basis of a ceilin~ height of 8ft. and as the units were 81" high 
the additional dead space height 15 ins., would provide a volume of 
storage above the respective units of:-
Cu. ft. 
Dresser 
Upper part 4.4 
Groceries 2.2 - 3.5 
Brooms 3.5 
Total 10.1 to 11.4 
The total overall storage volume becomes: 
Cu. ft. Cu. ft. 
Urban 91.7 to 8.5. 2 
+ 11.4 10.1 
Total 103.1 to 95.3 
Rural 139.7 133.2 
+ 11.4 10.1 
Total 151.1 143.3 
It is pertinent at this point to make reference to the 
kitchen sink, because its structure not only affected work top 
height but in Dudley (op. cit.) this area was not considered in the 
enclosed storage area, though later, through replacement of the 
Belfast fire clay sink by the pressed steel type, some of 
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the technical difficulties were overcome. Therefore, the 
storage capacity associated with this area became 
qualified for inclusion in the overall storage standard. 
This period is excellently illustrated in the Housing 
. Manual (1944) (Fig. 17). 
From this it will be appreciated that the recommendations 
of Dtidley that laundry and dirty household work should be 
separated from the cooking and eating functions of the 
kitchen were given only tacit agreement, and ways by 
which, because of decreased floor space standards, these 
operations could be combined are shown. (Figs. 18, 19). 
The reason why the area beneath the sink and draining 
board was not included in the enclosed storage area is given 
in the Housing Manual (1949). The type of sink referred to 
is the Belfast fire clay with associated wooden draining 
board: 
"Where a fireclay sink is installed, the difficulty of 
making a satisfactory water-tight joint between the draining 
board, work top and sink makes it undesirable to build in 
cupboards directly below the sink". 
Though the above observation is no doubt factually accurate 
in content, it is worth reflecting that in 1949 science and 
technology had advanced to produce sophisticated rocketry and 
this in some way may be indicative of the time lag necessary 
for technological innovation to make itself felt in everyday 
life. However, there were exceptions, such .as: 
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' 
SINK UNITS 
B. WASHING DlSHES, PREPARING FOOD AND WASHING CLOTHES 
Ut-.:IT WITH METAL SINK AND 
DRAINING BOARD 3' 6"' tONG )( I' 9"' 
WIDE AND LOOSE DRAINING SOARD 
COVERING WASH-SOILER., ' 
UNIT \".'!TH fi?.[ClAY $INK 2' 0" I.ONG 
X I' 9' WIO!;, THE U:Ff.HAND t'IRAIN~ 
~NG P.OAi\.!.> lS lOOS!! AND COVERS 
WA'SH-f.OJLER 
UNIT WITH AR.£CLAY SINK 2' 6• LONG. 
X I' 9" WIDE. 1HE ltFT-H.t..ND DRAIN-
ING BOARD IS lOOSE AND COVERS 
WASH·&OILE:R. 
TUB AND SINK "l' 0"' L9NG >: I' 9 .. 
WIDE 
UNIT WITH METAl. 51NK ANO 
DR"--NING $CARD 3'.G"' LONG X ,, 9"" 
WIDE WITH CUP.SOAROS AND LOOSE 
bRAINING BOARD- COVERING WASH. 
BOILER. 
n--_.r~ 
H :!LJ" 
lJNIT WITH FIRECLA V SI~K 2' 0"' lONG 
X I'')"' WIDE AND O:.JE CUf'£0A!tD. 
'fHE LEJ-T-HAND DRAINlNG E-OARD IS 
LOOSE AND COVERS WASH-t!OllER. 
UNIT WITH ARECLAY SINK 2' c.• LONG 
X t•·y WIDE AND ONE CVf'tOAR.D. 
THE lEFT·HANO DRAINING BOAfi.D· IS 
LOOSE AND COVERS WA.SH.SOILER. 
TUS l' 0"' lONG X I' 9'"' WIDE fOI\ 
WASHING. CLOTHES ONlY 
Fig. 17 Housing Manual (1944) Sink Units 
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THE 
VjORKING-KITCHEN 
HOUSE 
fiG. 62. A snn!l hou::e with d l~1rin[: roe m running thrcuzh from 
· front to bod~~ u~eful for gro;Jpi:-:e in terraces. Fer hcusehold 
of 5: BOO sq. ft. frontzsc 23' W; depth 16' 9'. 
•, 
FIG. 63 .. In this arrangement a eeneral plzn similar to that 
'hown In Fig. 60 has been adapted to fulfil the requirements of 
the working kitchen type. For this. little more sp;;ce is needed. 
For household of 5:. 814 sq. ft. Front2ge 19' 0"; c!epth 21' 0". 
1\o..><t~ t-.uii11:; 
or.lt 
Fig. 18 Housin~ Manual (1944) The Working kitchen house 
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THE 
DINING-KITCHEN 
HOUSE 
FIG. 73. An ;,rrangemeni: suitable for a house frontir.g approxl• 
mately e.,t. The living room is ~t the back and the kitchen at 
the front. For household of 5: 900 sq. ft. Frontage 23' s•;. · 
· · depthl9'o·; · 
c 
LR· 
166 
H 
FIG. 74. A house similar to Fig. 73 but fronting approximately 
north. Both living room and kitchen are at .the. back. For 
. ~ouseholdofS: 900 sq •. ft. Frontage 23' 8"; depth 19' o•. 
WATER. H!;A,TING '• . 
JZS1 With 1'0Dnt 
@" l>et-tlnz .· 
Wi:!\ <ooldt>J: 
&r~droom.t.<.at~nz 
Fig. 19 Housinr; Manual (1944) The dining kitchen house 
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"As a means of countering the shortage of traditional 
building materials and labour immediately after the war, 
and in order to produce houses quickly the Government 
itself, in 1944-45, initiated a programme of so-called 
temporary houses. These were the E.F.M.'s or emergency 
. factory made dwellings, popularly known as 'prefabs'. 
(Cleeve Barr 1958)". 
Although the floor area of each was only 650 sq. ft. 
their services and equipment were of a higher standard than 
most permanent dwellings (Fig. 20). 
Although comment has not yet been made on the implied contents 
constrained by the descriptive terminology, 'larder, broom 
cupboard, groceries, dresser,' Dudley had yet further storage 
recommendations to accommodate the misSing pots and pans beneath 
the kitchen sink. 
"The space below the draining boards should be fitted 
with a rack for pots and pans etc." 
Therefore, in effect, this recommendation provided a 
further 21.1 cu. ft. of storage space covering a floor area 
of 7.8 sq. ft. This storage element does .bear noting because 
later, when storage recommendations are given in terms of 
X cu. ft. of enclosed storage space, and the fire clay sink 
had been replaced by a metal unit supported by a cabinet, 
this volume qualified for inclusion in the overall storage 
provision. 
Following the Dudley report the Housing Manual (1944) 
was published to give effect to the recommendations. Although 
echoing many of the sentiments of the report the Manual 
reduced the floor area for a three bedroomed five person 
house from the Dudley minimum of 900 sq. ft. to a maximum of 
800- 900 sq. ft. However, this period affords an excellent 
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80 Plan of the Arcon .. tempor-
ary"' house (production modd). 
(Architerts: Arcon (Edric Nee/, 
Rodney Thomas, Raglan Squirt!, 
A. A.f. Gnw.) 81 The kitchen-
. bathroom tmlt of the prototype 
Arcon house (the production 
model varied sliglllly--see plan), 
framed tip with light steel s~c­
tions. and hard-board ends, in on~ 
tr;>.nsportable unit. The onl)' sitr.: 
work involved was drainage and 
service connections to the built-in 
pipework. Rl Virw shO\\·ing (left 
to right) back-door and larder 
vent, kitchen window, bathroom 
and W.C., front door -and bed-
room window. 
Fig, 20 Arcon "temporary house". 
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·.·r.: 
example of political influence on housing standards. 
With the advent of the Labour Government in 1945, 
Aneurin Bevan became Minister for Housing and the minimum 
area was raised to the full Dudley standard. Unfortunately, 
there is a great similarity in the optimistic space 
standards recommended in local authority housing after 
the two wars. These standards were later in both instances 
drastically reduced under economic pressure. 
Following the publication of the Housin~ Manual (1949) 
a number of su~plements were published giving details of ways 
in which economies could be effected. The plans published 
by the Ministry in the Housing Manual Supplement Houses 
(1952), which accepted amongst other things, bulkheads 
caused by the staircase ceiling cutting through a bedroom 
floor, flues projecting just inside a bedroom door and the 
reduction of entrance halls to a lobby in which there 
is neither space for cloaks nor a perambulator, are typical 
and about which Cleeve Barr (op. cit.) comments: 
"These measures were adopted as expedients in the 
process of cutting the floor area to the limit, and dwellings 
which have been built to these standards will always contain 
these inconveniences as a permanent record of the 
economy era in which they were built." 
This reduction of floor space standards was permitted 
under the Ministry of Housing and Local Government (1951) 
Circular 38 and the Ministry of. Housing and Local Government 
'Houses' (1952) showed ways in which this could be 
accomplished. As a result, after 1952 a large number of 
three-bedroomed, five-person houses were built within the 
pre-war range of overall sizes of 750 - 850 sq. ft. This 
reduction is shown in the following table (Cullingworth 
op. cit.): 
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Average floor area 
(including out buildings) 
sq. ft. 
1938 - 9 800 
1947 1,029 
1949 1,050 
1951 1,050 
Oct. - Dec. 1951 1,011 
Oct. - Dec. 1952 921 
Oct. - Dec. 1953 917 
Oct. - Dec. 1954 916 
Oct. - Dec. 1955 909 
Oct. - Dec. 1956 909 
1957 908 
1958 903 
1959 897 
1960 897 
1961 898 
Table 1. Floor space standards 1938 - 1961 
To some extent attempts were made to retain minimum 
aggregate living space and therefore further economies were 
made on internal fittings, Houses (1953) the third 
supplement to the Housing Manual (1949) advises: 
''The size, as well as the number of cupboards, is left 
to the discretion of local authorities". 
It is not, however, specific on the type or location of 
these cupboards. However, as the reference to cupboards 
in the Housing Manual (1949) includes all types of 
cupboard storage within the kitchen, tacit agreement must 
be implied for the reduction of kitchen storage, Study of 
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the •economy' plans reveal that frequently the only storage remain-
ing was the larder, and bare cognisance was afforded the arrangement 
of kitchen fittings in the work sequence previously recommended by 
Dudley, 
Birch (1871) Pantry 112 cu.ft, 
Built in 
Cupboards 24 cu,ft. 
Total volume 
Tudor Walters (1918) Larder 
Dudley (1944) Larder 
Storage 
Fitments 
Total volume 
Housing manual (1944) Larder 
Storage 
Fitments 
136 cu.ft. 
Urban 
96 - 128 cu.ft. 
40 cu,ft. 
61 cu.ft. 
101 cu,ft. 
32 cu.ft. 
53,2 to 
Rural 
144 cu,ft. 
80 cu,ft. 
78 cu,ft. 
158 cu.ft. 
80 cu,ft. 
59.7 cu,ft. 
85.2- 91.7 133.2 - 139.7 cu.ft. 
Table 2. Kitchen storage recommendations 1871 - 1944. 
Parker Morris Report (1961) 
As might be presumed these overall reductions brought about 
mounting criticism of the low standard of local authority housing, 
and by the later 1950s, the need for a reappraisal of standards had 
obtained general acceptance. As a result, a Sub-Committee of the 
Central Housing Advisory Committee was formed with the following 
terms of reference: 
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"to consider the standards of design and equipment 
applicable to family dwellings and other forms of residential 
accommodation whether provided by public authorities or by 
private enterprise, and to make recommendations". 
The report of this Sub-Committee was published in 1961 
under the title 'Homes for Today and Tomorrow', commonly 
known after the name of its chairman, as the '.Parker Morris 
Report'. 
The interpretation placed on the 'terms of reference' 
by the committee are stated quite clearly: 
''We have understood our terms to mean that our primary 
task was to consider standards of internal desi~n," 
adding: 
"This cannot be done sensibly without taking full 
account of the relation of the house or flat with its 
layout on the site." 
It is perhaps significant that with the progressive 
socio-economic amelioration of those previously termed 
the "working class" (Tudor Waiters 1918), or "the great bulk 
of the population" (Dudley 1944), the 'housing' they 
previously occupied now (Parker Morris 1961) attains the 
dignity of being officially titled a 'family dwelling'. 
Furthermore, the needs of the occupants became a main 
cri~eria for desi~n rather than the immediate economic 
viability of its provision: 
"The problem of designin~ good homes is the same 
whoever provides them, and this report - - - is applicable 
to private enterprise and public authority housing alike." 
The report recognised that changing social structure 
and life pattern of the pmpulation would need to be 
reflected in present and future housing standards, but at 
the time of the report they considered two major changes 
were immediately necessary, more space and better heating. 
The space standards recommended are shown in the following 
table: 
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"fADLE OF RECO~U-fll:{DJ:::D STAXDARDS RELATING TO 
FLOOR SPACE 
A home to l;e built in the future for occupation by: 
16 people 15 people 14 people 3 people I:<! people~~ person 
should be designed with a net floor area of ":t least:-
square feet 
3·SiQrey house * 1050 
-
1010 I 
2-sto~y centre terrace 
} 990 
910 Boo - - -
2•storey semi or end } - - -88o 770 2\hisonette 
- - -
. ~ ~ Flat Bso >- 610 . 480 320 Single storey house 0 810 0 
*These fi&rure;; will req'...lire modification if a g<1rage is built in t 720 if balcony access 
and general storage as follows: 
~quare feet 
Ho~ses: I so I 5'' I so ~I 40 30 
Fl~ts and 7\!nisoncttes ~--,. ,-~---- I Inside the dv·,·dli!lg ·' , 15 1?. 10 a Outside the dwdlin:'! 20 00 00 20 oo 2Q 
t Scene ofthts may be on ar. upper floor; bt~t at Ie<=.st !?,5. squ!l.re feet should be at GTOund 
level. 
Table 3 Parker Horris space standards 
The report stresses: 
"Our recommended minima are not to be taken as maxima. 
l1any d~sirable features which may come to be required may 
not be possible within them". 
All reports and manuals prior to Parker Horris had 
recommended minimum room sizes, undoubtedly a heritage of 
the 'sanitary policy'. And, as witnessed by the reductions 
in 1950, the problem was frequently that of combinin~ 
together the irreducible room minima within the surrounding 
external walls, "ithout due regard to the trade off 
between room sizes needed to provide space based on 
functional criteria. This resulted in a standardisation 
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and lack of variety in internal design. Parker Morris 
states: 
"housing standards should, therefore, as far as possible, 
be couched in terms which concentrate on the activities 
that the occupiers will want to pursue and not on the numbers 
and sizes of the usual rooms and offices". 
This approach they considered would also permit 
greater creativity on the part of architects and designers 
and lead to worthwhile developments in house design. 
Taking due note of the conclusion to their ~eneral aim: 
"But for the approach which we have in mind in our report 
to bear real fruit, many follow up studies through the years 
will be desirable, for example to obtain information on aspects 
of design, and to assess future trends and the effectiveness 
of new ways of meeting occupiers' needs" •••• 
this thesis is an attempt at one such study. 
So far space standards and storage standards where 
they existed have been examined together. But the full 
implication of any internal standard becomes self evident 
if one develops fully the reasoning of Parker Morris, and 
recognises that certain activities are contained within 
the dwelling. Donnison (1967) expresses the encompassing 
nature of the structure: 
"House and home stand at the centre of people's 
lives, providing a shelter for sleep and for half their 
waking activities, a shield against the elements and 
the world yet admits both in controlled and selective 
fashion and a storage place and show-case for most of 
their possessions." 
The ensuing design freedom that Parker Morris (op. cit,) 
permits and encourages serves to highlight basic criteria 
in the ·design of dwellings. Not only do the active and 
passive dimensions of the internal spatial elements need 
placing in some order of priority, but one of these passive 
elements has to be chosen as the datum line for the design 
projection. It is proposed that the kitchen, because of 
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the multitude of requirements it meets and the basic nature of 
its contained activities when related to the life of a family 
should be chosen as the starting point of internal design. And, 
as space permitted by standards includes the storage elements, it 
is further suggested that the size, structure and placement of 
these fittings be predetermined before the allocation of space 
is considered. 
Parker Morris and kitchen storage 
After detailing the many operations that are carried out 
in the kitchen and that also begin or end there the Report 
comments: 
"All of these operations involve storage requirements, 
and much of the storage can and should be arranged, with an 
eye to the way in which it is likely to be used, adjacent to 
the working surfaces and the kitchen table, though some can be 
elsewhere. Among the groups of items to be stored will be 
foods and drinks, crockery, pots and pans, kitchen tools and 
cleaning materials and equipment. These require a great deal of 
space and it is not to be wondered at that, as the Building 
Research Station have found, the average present provision in 
local authority houses, just over 40 cubic feet and 3 feet 6 inches 
of shelving is often inadequate." 
No doubt the B.R.S. findings were directly related to 
the discretionary clause on cupboard provision contained in the 
1953 supp'lement to the Housing Manual (1944). However Parker 
Morris adds: 
"The average provision in 5-person houses built by local 
authorities in the early post-war years was about 90 cubic 
feet with 9 feet of shelving, and this may be generous." 
Unfortunately, it is not made clear whether or not the 
volume they referred to included the larder. However, even 
without it there appears to be a discrepancy between this volume 
and that recommended·by the Housing Manuals of 1944 and 1949. 
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It is apparently on the basis of "and this may be generous" 
that Parker Morris recommends: 
"On the other hand, taking into account the floor polishers, 
mixers, ironing machines, toasters, bread slicers and all the other 
portable equipment likely to come into our homes as the years go 
by, we feel that at least 80 cubic feet of installed storage 
space in or adjacent to the kitchen is required in four and five 
person homes, and nearly as much in smaller ones." 
These recommendations are accepted and detailed in the · 
Ministry of Housing and Local Government Circular No. 36/67: 
"Kitchen fitments: 
Kitchen fitments comprising enclosed storage space in 
connection with:-
(a) preparation and serving of food and washing-up; 
(b) cleaning, and laundry operations, and 
(c) food, 
shall be provided as follows:-
3 person and larger dwellings 
1 and 2 person dwellings 
80 cu. ft. 
60 cu. ft. 
Part of this provision shall comprise a ventilated 'cool' 
cupboard and a broom cupboard. The broom cupboard may be 
provided elsewhere than in the kitchen." 
Table 4 M. of H.L.G. circular 36/67 recommended kitchen storage 
standards. 
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Standards for Kitchen Storage 
The means by which housing standards and in particular storage 
standards have been arrived at have now been shown. What is 
clearly lacking is any valid research on which these standards can 
be based, The present approach does allow freedom of internal 
design, but it still must be contained within the floor-space 
standard. It has also been shown that the basis of this standard 
is politico-economic and not ergonomic. Therefore, in order to 
arrive at any ergonomics-based standards one must start with the 
individual and the family unit and when all their requirements 
are combined together the external structural parameter of the 
dwelling can be arrived at. 
This approach requires the construction of an internal datum 
line. If the final aim of research into housing requirements is 
a detailed study of all its component parts, the location of the 
datum line may be unimportant. But, as the initiation of an 
ergonomics approach is no guarantee of subsequent follow-up 
studies, the selection of a starting area must be defended by 
criteria of need rather than ease, 
for the following reasons:-
Kitchen storage was chosen 
a) Expressed dissatisfaction (Parker Morris, 
N.H,B,R.C, op. cit.), 
b) Until the area occupied by storage is set 
activity space cannot be calculated. 
c) Provision of basic data for kitchen storage 
manufacturers. 
d) Redefinition of present standards in terms of 
type and distribution of storage. 
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The current kitchen storage recommendations (which are based on 
Parker Morris) are set out in Ministry of Housing and Local 
Government circular No. 36/37, dated April 1967, as follows: 
"Appendix I 
C Fittings and Equipment 
(iii) Kitchen fitments 
Kitchen fitments comprising enclosed storage space in 
connection with: 
(a) Preparation and serving of food and washing up. 
(b) Cleaning and laundry operations, and 
(c) Food. 
Part of this provision shall comprise a ventilated 'cool 
cupboard' and a broom cupboard. The broom cupboard may be 
provided elsewhere than in the kitchen." 
However, a certain ambiguity must be noted. Circular No. 36/ 
37 (op. cit.) states: 
"It is the Minister's intention that all housing schemes 
to be designed from now on shall as a minimum incorporate the 
space and heating standards recommended by the Parker Morris 
Committee and defined in Appendix I. 11 
Appendix I. c. Fittings and Equipment stipulates that only 
the standard relating to w.c. provision would be made mandatory as 
from 1St January 1969, by adding: 
11The date on which the other standards in this section (the 
section includes kitchen fitments) might (sic.) become mandatory 
has not yet been fixed. 11 
A similar wording also appears in the latest circular (Ministry 
of Housing and Local Government circular 1/68): Metrication of 
House building: 
n Appendix I 
(3) Kitchen fitments 
Kitchen fitments comprising enclosed storage space in 
connection with:-
(a) preparation and serving of food and washing up; 
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(b) cleaning, and lalUldry, and 
(c) food, 
shall be provided as follows: 
3 person and larger dwellings 
1 and 2 person dwellings - - - - -
Part of this provision shall comprise a ventilated 11 cool11 
cupboard and broom cupboard. The broom cupboard may be 
provided elsewhere than in the kitchen." 
However, this standard is again conditional on a marginal note: 
"The date on which the other standards in this section 
(other standards include kitchen fitments) might become 
mandatory has not yet been fixed. 11 
It has still "not yet been fixed" (Sheppard 1973) , Such ambiguity 
serves as reinforcement to any research and therefore in an attempt 
to make the Parker Morris 80 cu, ft. (2.3 m3) more meaningful, a 
rationale for kitchen storage provision is proposed: 
Kitchen storage, an ergonomics rationale 
If families have consumer products associated with domestic 
activities that take place in the kitchen (such as the storage of 
food and equipment associated with its preparation and the storage 
of cleaning and laundry equipment), then storage space is required 
for these items and the relevant regulation should be mandatory. 
A standard should be based on the following suggested criteria:-
(1) Storage should be related to work centres, priority 
being decided on frequency of use, 
(2) Storage should be allocated according to any 
specialised temperature requirements, 
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(3) Storage should be sufficiently adjustable to allow for-
contents having a wide range of sizes. 
(4) Stored items should be visible. 
(5) There should be a physical separation between contents 
to allow for access. 
(6) Storage must be within the functional anthropometric 
reach distances of its users. 
Therefore, in order to arrive at any valid conclusions, the 
following information must first be obtained: 
(1) What are actual storage requirements? 
(2) How are these met by current interpretation of Parker 
Morris recommendations? 
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Existing information on kitchen storage requirements 
'lli.e greatest volume of research into kitchen design originates 
from countries other than Britain. And although it is inadvisable 
to base design for the British population on data relating to 
consumers in other countries where both life style and climate may 
be markedly different, the literature was reviewed in order to 
identify general principles concerning storage. 
In Sweden the Home Research Institute (HFI) has published a 
number of memoranda that deal with general and specific storage 
matters, In memorandum HFI (1947), which deals with food 
storage, it is pointed out that "the household should be able 
to store one week's consumption of more durable goods. Regard-
ing the more perishable goods, storage space should be such as 
is required for 1 - 2 days' consumption." Practical. tests 
were also carried out on storage space dimensions for different 
sized packages, The final recommendations suggested that 
storage should include two cold units, refrigerator and larder, 
two dry units, grocery cupboard and grocery drawer, In a 
later memorandum, HFI (1950), studies were made of households 
using industrially produced foods, and it was shown how modern 
packaging may lead to the requirement for cupboards differing 
in size from those used to hold traditional containers, 
Holm (1956) stated "that outside air as a cooling medium 
in food storage was unreliable." He also points out that 
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airborne dust, especially in built-up areas, makes the larder 
unhygienic. Recommendations are made for the provision of 
'artificial' cold storage which besides being more hygienic 
offers a means of controlling temperature, thus enabling 
greater flexibility in storage design. 
Boalt (1965) reported how dwellers in apartment houses 
I 
used different types of storage. Included in the storage 
surveyed were three different types of cold storage:-
a) A built-in refrigerator (120 litres) plus a 
ventilated larder. 
b) A larder refrigerator (320 litres) having two 
separate temperature controlled compartments. 
c) A larder refrigerator (320 litres) plus a floor 
to ceiling 60 cm unventilated food cupboard. 
The report found that the only significant connection 
between the quantity of goods stored and storage type was in 
respect of deep frozen goods. It was also noted that the 
provision of the newer type of storage unit (controlled 
temperature larder/refrigerator) had not led to any marked 
change of purchasing and storing habits. 
Later studies by the Konsumentinstitutet (1968, 1969b) 
give details of food purchases by Swedish families and 
dimensions of cupboards for its accommodation and also that 
of associated kitchen hardware. 
In Finland a study was made by the Home Economics 
Centre (Kotitalouskeskuksen 1957) of families living in 
apartments in urban areas. It was shown that the size of 
family had little influence on the amount of food purchased 
at any time but that larger families purchased food more 
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frequently. The report recommends that for food requiring 
cold storage a shelf area of 1.3 sq. m. should be provided and 
for durable goods a shelf area of 0.8 sq. m. It does however 
add that there should always be supplementary space in addition 
to the minimum. 
In Denmark the Danish National Institute of Building 
Research issued a directive (Vedel-Peterson 1966) which was 
based largely on the report prepared by Boalt (op. cit.) for 
the Swedish HFI. In it food storage is divided into two 
groups according to temperature requirements. They recommend 
that the kitchen should contain a ventilated food cupboard, 
refrigerator and a food cupboard. The size of the refrigerator 
is given as lOO - 150 litres capacity for a household of 3 - 4 
persons and 150 - 200 litres for a larger family. The 
recommended size for the food cupboard is given as 60 x 60 cm. x 
ceiling height. 
Other studies on cool/refrigerator storage have been 
carried out in Germany by Stubler and Zacharias (1963). The 
solution they arrived at for this particular form of storage 
incorporated several separate 'cold areas' covering a range of 
0 0 temperatures from +2 C - +15 c. 
The conclusion of the second world war stimulated 
reassessments of traditionally held values in many countries 
and in different fields. In the Netherlands as a result of 
the housing shortage which occurred during and after the war, 
the opportunity was taken to carry out a comprehensive study 
of housing needs (Bouwcentrum 1957). In its introduction many 
of the point previously noted by Dudley (op. cit.) on the effects 
of technology on kitchen planning are given due weight and the 
need for dimensional co-ordination between kitchen appliances 
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and storage fitments proposed. As Parker Morris (op. cit.) 
later concurs, the need for housing to meet the needs of 
differing social patterns is also fully appreciated: 
. "By essential. requirements is understood those 
requirements which are essential for a harmonious development 
of the family and the individual.and of which the fulfilment 
is, in principle, regarded by the majority of the Netherlands 
people as an essential condition for achieving an acceptable 
standard of living and housing from the material, moral, 
cultural and social points of view," 
Although the section dealing with kitchen storage was 
based on subjective judgements of 193 housewives who completed 
questionnaires, the enquiring committee stated "it is quite 
evident that storage space available in dwellings is inadequate. 
Consequently, the occupants either adapt their requirements to 
the storage space available and do away with more articles of 
equipment than is justified or they maintain a reasonable 
range of equipment and store it in the strangest places". 
The report also contains a comprehensive inventory of 
kitchen equipment and the shelf area required for its 
storage. Unfortunately this is not always related to the 
functional reach of its users. In conclusion, the kitchen 
storage section recommends an increase in storage standards. 
In this respect its concluding remarks should be noted: 
"Owing to the constant evolution of our society and 
the rapid progress in engineering it will be necessary to 
revise the results of the study from time. to time. This will 
involve constant modification and supplementation of the 
reports; based interalia on fresh research, while the study of 
subjects which have not so far taken into consideration or 
could not be adequately dealt with owing to lack of material, 
will have to be taken in hand." 
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Despite the comprehensive nature of the report the 
amount of work involved in obtaining original information 
through research is clearly recognised, and is perhaps the 
reason why greater use can not be made of its contents. 
"It is expressly pointed out, however, that in 
compiling this report use has been made to. a large extent 
of information obtained from the literature and of results 
of investigations carried out by otners. 
In the United States of America one of the earliest 
reports of interest is that of Gilbreth (19301; many of the 
basic elements of design are discussed, for example: 
"No woman who has ever labored for even five minutes 
in an inefficient kitchen needs to be told that the .most 
exhausting part of dishwashing, ironing and any other task 
usually done standing, is the constant bending over. It 
is a tragedy and a reproach that for hundreds of years 
feminine backs have ached so unnecessarily. Even today the 
evil is far from cured, for not all women have learned that 
there are ways in which kitchen equipment may be adjusted 
to individual heights." 
The environmental conditions of the kitchen are 
discussed and the advantages of arranging fittings in accordance 
with efficient work sequence illustrated. General guides on 
kitchen planning were published by the Small Homes Council -
Building Research Council (1950, 1965). Numerous other reports 
were also published dealing with the structural dimensions 
and placement of storage units and fitments (Steidl 1961, 
Heiner and McCullough 1948, Ehrenkranz 1961, 1965, Mize et 
al 1953, and Hinson et al 1963). Much of this work is also 
reviewed by Steidl and Bratton (1968) and a comprehensive 
reference list is given in Konsumentinstitutet (1969a). 
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In Britain there has been a serious lack of research 
in this field. Initially, work was undertaken by the Building 
Research Station, (Bateson and Whyte 1953, and Bateson, Noble 
and Attenburrow 1954) in a series of experiments to study 
the relations between the design and layout of dwellings and 
their usage by occupants. Unfortunately the work was not 
continued (Attenburrow 1971) though one of the developments 
that could be of future use was the development of the use of 
a sensitive floor for recording foot traffic, Bateson (1954). 
A review of the work undertaken by the Building Research 
Station with particular reference to user studies is given 
by Hole and Attenburrow (1966), and a remark they make in 
connection with the application of research findings is also 
frequently raised by other authors. 
Speaking of the desirability of a kitchen designed with 
basic ~nrk sequence in mind, they say: 
"An examination of kitchen plans of 260 typical local 
authority ro~<t-war houses shm<ed that only 5% conformed t'l 
it, whereas 25% had no recognisable sequence at all. 
As a result of BRS co-operation with the Council of 
Scientific Manage~ent in the Home (COSMITH 1955), recommendations 
were given on kitchen work areas, work surfaces and the storage 
of cooking utensils; further details of this work are also 
given by Wheatcroft and Walley (1957). Even by combining 
the data of previous research from both Britain and other 
countries it is not possible to assemble all the information 
required to meet the proposed ergonomic rationale for storage 
provision. 
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The only work that has been undertaken in Britain to 
ascertain stor~e volumes was that carried out by the Council of 
Scientific Man~ement in the Home (COSMITH 1965). It was not, 
however, possible to base this study on their data for the 
following reasons: 
(a) The questionnaire was filled in by students in their own 
homes. Therefore, to some extent the information 
relates to homogeneous groups and is not truly repre-
sentative of the population, Some indication is 
given of this since 50% of the s.ample came from the 
Registrar General's I and II social group classifica-
tion. Remembering that the survey was conducted in 
1964, when wine sales were considerably lower than 
today, the following statement made in the report is 
perhaps indicative of the population sample: 
"Wine was kept in 80% of households and about 33% of 
this figure had anything from six to 120 bottles -
this is understandable because where wine is kept at 
all it tends to be put down in quantity," · 
(b) The returns were mostly from small families, 3 or 4 
members (65%) with children beginning to leave home 
for College. 
(c) A 'closed inventory' method was employed, and there-
fore artificial constraints were placed on the items 
recorded, 
(d) The houses surveyed would not have been planned in 
accordance with Parker Morris recommendations. 
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Information available from other sources, magazines, news-
paper articles, etc., though frequently excellently presented 
visually, lacks reliable quantifiable data. Therefore, it was 
considered essential to undertake a survey specifically to 
obtain information on items stored in the kitchen upon which 
design criteria could more precisely be based. 
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STORAGE 
SURVEY 
KITCIIEN STORAGE SURVEY 
Method 
Preliminary Survey 
In order to develop an ergonomic rationale for domestic storage 
requirements, specific' information was required about the range, 
type, size and number of products stored or requiring storage 
space. A preliminary study was then,fore carried out in ten 
domestic kitchens in order to ascertain the range and quantity of 
items likely to be encountered. This study showed that if an 
inventory method was to be employed, the questionnaire would need 
to be several thousand pages in length in order to record the vast 
range of individual differences likely to be present in a large 
scale survey. Even then it was not improbable that numerous items 
would be overlooked. Finally, a compromise was reached; the basic 
design of the questionnaire was an inventory-based method where 
there was a high probability of a particular item being present, 
and the. remainder uas based on broad categories, Roth types of 
questions were open-ended to allow for differing sub-category types 
and quanti. ties to be recorded, In addition, this information had 
to be related to other factors summarised under the following 
headings: 
Type of dwelling 
Details of occupants 
Shopping frequency and daily purchases 
Kitchen measurements 
Details of existing storage facilities 
Details of fixer] free stand;_ng and portable appliances 
found in the kitchen 
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Detailed information concerning these is given in items 1 - 43, 
Table 5, and the recording format employed is shmm in pages 
1- 10 of the questionnaire (Appendix A). 
The remainder of the questionnaire was constructed to allow 
for the recording of all ether items normally associated with 
the kitchen (Parker ~orris op. cit.), whether located there or, 
because of inadequate kitchen storage space, stored elsewhere 
in the dwelling. The main classifications and sub-categories 
employed are shown in items 41> - 64, Table 5. Acditional sections 
were included to allow for t.he recording of other items which, 
whilst specifically related to an individual household, when 
volumes were calculated over the whole survey might give some 
indication of additional storage required.to cater for different 
life styles. For this part of the questionnaire a common 
recording block format was used. As this questionnaire occupied 
120 pages, the first page only (Page 11) is included in the 
appendices (Appendix A). 
Design of common format recording block 
The preliminary study had given some indication of the wide range 
of product sizes to be expected. However, before dismissing the 
measuring classification employed by COSMITH (op. cit.), viz. 
small/large, it was decided to investigate standardisation of 
packaging. This was studied in a local supermarket, where shoppers 
were observed for a period of two hours. As they selected an item 
from a she.lf, an identical one was measured and recorded; this 
method obviated the delay that would have inconvenienced the shopper 
had the articles been measured as they left the. store. Tables 6 and 
7 show the wide range of cans and cardboard packages. purchased. 
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Table 5 Summary of questionnaire headings and item classifications 
·1. Member of C. A. 
2, Survey day 
3. Dwelling type 
4. Years in house 
5, Occupants 
Adults 16+ 
Children 5 - 15 
Children 2 - 4 
Children - 2 
6, Age of housewife 
7. Housewife full/part time employment 
8. Satisfaction with kitchen storage 
9. Provision of extra storage, self 
10. - Type, Wall 
base 
free standing 
11, Outside store yes/no 
12. Provided by self 
landlord 
13, Housewife's Ht, 
14. Housewife's vertical reach 
15. Money spent on food 
16, Shopping frequency 
17. Daily purchases 
Milk 
Bread 
Eggs 
Meat/fish 
18. Amounts 
Milk 
Bread 
Eggs 
Meat/Fish· 
Ht, 
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landlord 
Table 5 continued 
19. Kitchen measurements 
Length 
Width 
20. Effective floor space 
21. Work top length 
Work top width 
22. Height of work top 
23, Draining board 
Length 
Width 
24. Height of sink 
25, Wall storage units 
Number 
Length 
Width 
Height 
Volume 
26. Wall unit shelves 
Number 
Length 
Width 
Area 
27, Drawer space 
Number 
Length 
Width 
Depth 
Volume 
28, Base units 
Number 
Length 
Width 
Height 
Volume 
29, Base units, shelf area 
Number 
Length 
Width 
Area 
30, Built in cupboard 
Height 
Length 
Width 
Area 
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Table 5 continued 
31. Built in cupboard, shelf area 
Number 
Length 
Width 
Area 
32. Cool cupboard 
Height 
Width 
Volume 
33. Cool cupboard, shelf area 
Number 
Length 
Width 
Area 
34a. Refrigerator, Internal dimension 
Height 
Length 
Width 
Volume 
34b. External dimension 
Height 
Length 
Width 
Volume 
35. Refrigerator, shelf area 
Number 
Length 
Width 
Area 
36. Sink Draining board combination 
37. Kitchen table 
Smallest 
Length 
Width 
Extended 
Length 
Width 
38. Kitchen 
Boiler gas/oil - Heating 
Stove coal/coke - Heating 
Stove coal/coke - Cooking 
Electric hob unit 
Gas hob unit 
Electric eye-level oven 
Gas eye-level oven 
Electric cooker 
Gas cooker 
Portable Grill 
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Table 5 continued 
Eye-level Grill 
Low-level Grill 
Electric kettle 
Electric toaster 
Electric frying pan 
Electric keep fry 
Electric casserole 
Electric coffee pot 
Electric food mixer 
Electric hot plate 
Washing Machine 
Spin dryer 
Hot air dryer 
Drying cabinet 
Other electric items 
39. Root vegetable 
Type (5 Classes) 
Quantity 
40. Root vegetables 
Quantity stored elsewhere 
41. Green vegetables 
Quantity 
42. Hard Fruit 
43. Soft Fruit 
CLASSIFICATION 
44. · Canned Goods 
Vegetables 
Fruit 
Preserves 
Puddings 
Meat 
Fish 
Drinks 
Pet Food 
Other Canned goods 
45 Dry Goods . -
Breakfast Cereals 
Porridge 
Rice 
Pasta 
Flour 
Baking materials 
Sugar 
Custards 
Jellies 
Dried milk products -
used to make sweets and puddings 
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Table 5 continued 
Dried fruits 
Dried vegetables 
Packet soups 
Salt, herbs and spices 
Bread 
Cakes 
Biscuits 
Jam 
Pastes and spreads 
Vinegar 
Sauces 
Chutney 
Pickles 
Preserved fruit 
Preserved vegetables 
Honey 
Treacle and syrup 
46. Fats and Oils 
Butter 
Margarine 
Cooking fats 
Cooking oil 
Milk 
Cream 
Cheese 
Eggs 
Medicine<. 12° c. 
Meat (fresh) 
Fish (fresh) 
Meal left overs 
47.. Beverages 
Tea 
Coffee 
Others 
Soft drinks 
Beer 
Wine 
Spirits 
Others 
48. · Sweets and Chocolates 
49. Frozen Food 
50. Pet Foods (dry) 
51. · Baby Food 
52. Kitchen Utensils (Cooking) 
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Table 5 continued 
53, Oven Hardware 
Roasting dish 
Baking sheet 
Loaf tin 
Cake and flan tins 
Bun pan 
Pie tin 
Wire racks 
54, Pottery and Glass 
55, Baking 
56, Food Preparation 
Utensils 
57. Food Serving 
58. Eating Utensils 
59, Cleaning Materials (Kitchen utensils) 
60, Food Containers 
61. Cleaning Materials 
62. Tools 
63. Paint 
64. Other Hardware 
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Table 6 SIZE OF CANS IN COMMON USE 
Ht Diam. 
cm cm 
3·0 15.0 
4.5 7.0 
4.5 8.5 
5,0 6.0 
5.0 7.5 
5.0 8.5 
5.5 7,0 
5.5 7.5 
5.5 8.5 
6.0 7.5 
6.5 7.5 
6.5 10,0 
7 .o 4.0 
7·0 6,0 
7.0 10,0 
7.5 5.5 
7.5 7.5 
8.0 7.5 
8.5 7.5 
9·0 9.5 
9.5 8.5 
1o.o 7 .o 
10•0 7.5 
10.5 6.5 
10.5 7.5 
10.5 10.0 
11.0 7.0 
n.o 8.5 
11.0 9.5 
11.5 7.5 
11.5 8.5 
12.0 7.5 
12.0 10,0 
12.5 9.5 
13.0 7.5 
13.0 8.5 
13.0 10.5 
14.0 10.0 
15.0 10.0 
16.0 9.5 
16.0 10.0 
17.5 10.0 
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Table 7 SIZE OF CARDBOARD PACKAGES IN COMMON USE 
Ht L w lit L w 
cm cm cm cm cm cm 
11.0 11.0 3.0 23.5 16.5 5.0 
11.0 11.0 8.0 24.0 15.5 5.0 
12.0 12.0 9.0 25.0 12.0 7.0 
15.0 15.0 6.0 25.0 12.0 7.0 
15.5 13.5 7.0 25.0 19 .o 9.0 
16.5 9.0 8.0 26.0 7.5 3.5 
16.5 12.5 6.0 26.0 17 .o 5.0 
16.5 16.5 6.0 26.0 20.5 6.5 
17 .o 17.0 5.5 26.5 20,0 6.0 
18.5 8.0 6.5 27.0 17.5 6.0 
19.0 12.5 3.5 27.0 19.5 5.5 
19.5 12.0 4.0 28.5 16.5 5,0 
20.0 11.5 5.0 29.0 10.0 8.0 
20.0 12.0 4.0 29.0 20.0 5 .o 
20.5 13.0 7.5 29.0 20.0 5.5 
20.5 13.5 4.5 29.0 20.0 6.5 
20.5 13.5 5.0 30.5 20.0 6.5 
21.0 13.0 6.0 31.0 16.5 5.0 
21.0 14.5 9.5 31.0 20.5 7.0 
21.5 20.5 7.5 31.5 16.5 5.0 
22.5 14.0 5.5 31.5 22.0 7.5 
23.5 14.0 5.5 32.0 22.0 7 .o 
23.5 16.0 5,0 46.5 5.0 5.0 
23.5 16.0 6.0 51.5 5.0 5.0 
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As a result, it was considered necessary to record the height, 
length and width of all items; space was allowed in the first 
three columns of the recordine block for this, viz. Rt. L. W. 
(Fig. 21). 
Ht L w Vol No Vol x No F D Ht 
Fig. 21 Common format recording block 
Vol 
Under the fifth column (No.) was recorded the number of identical 
items pres,!nt, The frequency of use column (1') of the recording 
block waH completed '•here a;:>pl.icable according to the frequcuc:y 
with which the product was used, the following code being used: 
1. Daily or more frequently 
2. Twice weekly 
3. Once a week 
4. Once a month or less frequently 
The difficulty (D) column of the recording block was used to 
indicate whether or not any difficulty was experienced in storing 
an item because of its weight, size and shape. The following code 
was used:-
1 Difficult to store 
0 Not difficult to store 
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The whole of the second part of the questionnaire (items 44 - 64, 
Table 5), i.e. that part concerned with stored items found in 
the kitchen, was based on this recording method. 
This section of the questionnaire was first divided into main 
classifications as indicated by the underlined headings in Table 
5, e.g. canned goods, dry goods, fats and oils, beverages, etc., 
and was contained in pages 11 -120 of the questionnaire. Each 
main classification contained sufficient recording blocks for the 
specific items that are named under the main classification 
heading, e.g.: 
Beverages 
Tea 
Coffee 
Beer 
Wine 
Spirits 
etc. 
Where there was a high probability of this sub-class item being 
common to all households, the name of this item was printed in 
the appropriate space in the recording block, e.g. Tea: 
Tea 
Ht L w Vol No Vol x No F D Ht Vol 
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However, in those categories where an individual item type 
might com~ from a wide selection of the sub-class, this descriptive 
part of the block was left blank for the recorder to enter the 
specific type name during the survey, e.g., the main classification, 
Canned Goods, had several sub-classes, viz. Vegetables, Fruit, 
Preserves, Puddings, Meat, Fish, Drinks, Pet Food and other canned 
goods. These formed the printed headings for the section. However, 
in the sub-class, e.g., Vegetables, because of likely individual 
household preferences, the actual type of canned vegetables would 
vary, and therefore it was left to the recorder to enter the actual 
vegetable type name in the recording block, e.g., Peas: 
Canned Vegetables 
p~~s 
Ht L w Vol No Vol x No F D Ht Vol 
An identical method was used throughout, i.e. a separate recording 
block was used for different items and a separate line of each 
block was used to record different size items of a similar type, 
the largest being recorded first. 
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Survey Organisation 
A pilot survey in three homes was carried out to test the 
questionnaire design. This, with a few modifications, proved 
satisfactory. However, because of the time involved in the surveys 
(six to ten hours per kitchen) it was obviously impractical to 
undertake a survey on a national scale single-handed. Expense 
necessarily precluded the use of commercial survey organisations. 
Colleges of Home Economics and Domestic Science throughout Britain 
were therefore invited to co-operate and assist in taking the 
measurements involved in the survey. Of the 23 colleges approached, 
only four declined and in these instances the reason was one of their 
unsuitable size and location, or timetabling difficulties rather 
than lack of interest. 
Selection of Survey Sample 
Public Sector 
Once the location of co-operating colleges and numbers of students 
available to assist in the survey was known, the Public Housing 
Authority of each area was contacted. A visit was then made to each 
Housing Manager in order to outline the aims of the survey. Justification 
for the need of the survey was never questioned, and the willing 
co-operation of each Housing Manager is indicative of not only their 
interest in this form of research but also of its need. 
With the assistance of the Housing Managers and members of their 
departments, a random selection of tenants was made, in each case 
meeting the following criteria: that the household should consist of a 
minimum of two adults and two children and have been in occupation 
for a minimum of one year, the dwelling, of course, having been built 
to Parker Morris standards. The household size was chosen as representing 
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the 'typical' family occupancy rate (Gray 1947). The minimum period 
of occupation was decided on as being the minimum period to give a 
realistic pattern of storage utilisation. A longer period, though 
desirable, was limited by the fact that several recommendations in 
the Parker Morris report only became mandatory from 1 January 1969. 
If six months is allowed for houses to be built to these recommendations, 
and bearing in mind that the survey was carried out during 1971, a 
minimum period of occupancy longer than one year would greatly have 
reduced the sample eligible for selection. 
Once the sample was selected, tenants were visited and given 
letters explaining the aims of the survey and further verbal explanations 
for its need, and this process was then continued until sufficient 
numbers who would be available on the selected survey date were 
obtained. 
Private Sector 
There was greater difficulty in selecting houses in the private 
sector. Initially, builders were contacted in the areas and asked for 
the location of houses they had built to Parker Morris standards. The 
extent of co-operation was not always encouraging. Finally, local 
newspaper files were consulted in order to find advertisements for 
private sector houses built post 1 July 1969, the date after which 
members of the National Housebuilders Registration Council (NHBRC) were 
asked to comply with Parker Morris storage requirements. With the help 
of members of local consumer groups, these houses were visited and a 
sample selected using the same criteria of household size and period 
of occupancy as in the public sector. 
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Data Collection 
Measuring Technique and Equipment 
On the day prior to each survey, the college in each area was 
visited. Following a lecture on general ergonomics topics, a briefing 
on the methodology of the survey was given. Each survey team was 
composed of a minimum of two students. The equip~ent used in addition 
to the questionnaire consisted of specially prepared measuring boards and 
3 metre steel tapes. 
The Measuring Eoards 
When storage standards are given in volume alone, it would be easy 
for a storage survey to be merely a summation of the physical volume 
of articles recorded. However, the relationship between the physical 
volume of an object and the volume of space required for its storage is 
dependent upon its physical shape, rather than just its base area. An 
ordinary cylinder, found in the domestic situation as a canned product, 
will serve to illustrate this point. 
1 Physical volume 
h 
l 
= 11 <t) 2 h 
4-- d ~ 
---/i 
, I 
' I 
r I I I I I Storage volume = d2h 
h. I 
l I 
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It was therefore decided to record the actual storage volume required 
for objects, as this would be more meaningful when relating the data 
to volume standards. 
If all items to be measured were regular in shape, a steel rule would 
have sufficed, but, as had been noted in the preliminary survey, 
the time spent in measuring irregular shaped objects was disproportionate 
to the number of items recorded. Therefore, to facilitate the 
measurement of items of this type, a measuring board was devised (Fig. 
22). This was constructed of t,1o hinged pieces of hardboard, 50 cm x 
30 cm, stayed at right angles when in use and folded flat for carrying. 
Each piece was covered >~ith dyeline printed 0.5 cm. squared paper. When 
this was used in conjunction with a simple set square, also made from 
hardboard, the task of measuring the storage volume required by irregular 
shaped objects was greatly simplified. 
Pilot Survey 
Follo,.ing the preliminary survey, a pilot survey was carried out in 
20 public sector houses by students of Colleges of Domestic Science. 
On completion of the survey, the students were asked to carry out the 
calculations involved in each recording block, i.e. calculate the 
volume of each item, the cumulative volume where there was more than 
one item of identical type and size, and finally to enter the height 
and volume of the largest item in each sub-category * (Fig. 23). 
* * * * 
Ht L w Vol No Vol X No F D Ht Vol 
Volume Total 
Fig. 23 Basic calculations required for each completed recording block 
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Fig.22. Measuring board in use. 
It was originally hoped that if these calculations had been 
completed, category volumes could have been calculated by a simple 
addition of the volume totals of each recording block, and to 
facilitate this they were placed in a vertical line (Fig. 24). 
However, because of the time factor involved and the arithmetical 
errors incurred, it was decided to ask the survey teams to record 
measurements only. 
Supervision of Survey 
During the surveys in each area as many households as possible 
were visited. Some of these visits were made during the course of 
the survey, others on its completion. The purpose of the visits 
was twofold. Firstly it was to record and check on item dimensions 
so that these could later be compared with survey data. Secondly 
to talk to householders about their storage prcblems. All too 
frequently the problems raised were outside the strict confines of 
'storage' and related to the overall design of the dwelling and its 
surroundings. Ho•,·ever, these connnents and those obtained by the 
survey teams were collected and submitted to the housing departments. 
On the completion of each survey a debriefing session was also 
held with the survey teams in order to clear up any data recording 
difficulties. 
Number of dwellings surveyed 
It was originally estimated, on student numbers available, that 
it should be possible to survey 750 dwellings and this number of 
households was selected. Ho,.·ever, the final number of dwellings ~<as 
384. The main difficulty was that householders either forgot the 
date of the survey or were unm,·are of the length of time involved for 
the data recording and therefore it proved irr,possible to complete the 
survey. In other instances survey team numbers were greatly reduced 
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Fig. 24· Alignment of recording blocks to facilitate volume additions . 
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at the last moment. And, on one disastrous occasion, when a sample 
of 40 households was involved, a heavy snowstorm completely immobilised 
both public transport and the survey teams. Possibly the greatest 
lesson to be learnt from this is that one can programme neither 
human behaviour nor the weather. A greater success rate was obtained 
later in the survey by selecting additional households on a stand-by 
basis and setting up a control point so that teams could telephone for 
redirections following a non-response. However, as the sample was 
widely distributed in each area, the travelling time for the teams 
was greatly increased, and on some occasions the teams did not arrive 
back at their colleges until 8 p.m. This re-organisation also 
allowed less time to visit more houses personally as each of the stand-
by households additional to requirements had to be visited, thanked 
and informed that their services would no longer be required. 
Survey Areas 
The storage survey was carried out in the following areas: 
Public Sector 
Area Date Number of dwelline;s 
Leicester 13th May 1971 14 
Glasgow 27th May 1971 10 
Bath 2nd June 1971 31 
Cardiff 4th June 1971 14 
Newcastle 9th June 1971 31 
Leeds 11th June 1971 17 
Crewe 14th June 1971 14 
Aberdeen 17th June 1971 22 
Liverpool 21st June 1971 20 
Ilkley 29th June 1971 8 
Sheffield 6th July 1971 12 
Manchester 29th September 1971 31 
Gloucester 4th October 1971 9 
Worcester 12th October 1971 12 
Battersea 29th October 1971 u 
Shrewsbury lOth November 1971 13 
Clacton 16th November 1971 9 
Tottenham 26th November 1971 15 
Nottingham 9th December 1971 7 
TOTAL 300 
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Private Sector 
• 
• 
Area Date 1 Number of dwellings 
Liverpool 1st February 1972 8 
Glasgow 27th March 1972 14 
Manchester 23rd Hay 1972 19 
Bath 12th June 1972 20 
Newcastle 28th June 1972 23 
TOTAL 84 
Treatment of Data 
As will be seen from the survey timetable overleaf little time 
was available between surveys for data checking, consequently this was 
left until the completion of the whole survey. Data were then 
checked for recording accuracy. Most of the inaccuracies were 
. 
fairly obvious and the result of the decision to use metric measurement. 
The steel tape which was supplied to each survey team was printed with 
imperial measure on its upper portion and metric on the lower (Fig, 25) • 
and many of the recording errors were the result of confusing the two 
scales. For example, a work top height of 90.cm. would be recorded as 
35.4 cm, Clearly the correct measurements had been taken but its 
numerical value had been recorded from the wrong scale; 
Fig. 25. Imperial/metric scale on same tape 
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The other main error was the misplacing of the decimal point, 
so that centimetres were recorded as millimetres or metres as centimetres, 
Corrections were effected by checking against the sample measurements 
taken during the survey and by the use of house plans obtained from the 
housing authorities. 
Data Encoding 
In order to present the survey data in a form suitable for 
recording on punch cards a data encoding form was devised. Initially 
the data blocks were drawn with the paper in a portrait orientation 
and this was then shown to the punch card operators. Although the 
detailed layout was satisfactory, no coding sheet rest was employed 
by the operators and therefore, the data sheet was propped above 
the operators' keyboard. In this position A4 in portrait orientation 
blocked the visual check of punch cards passing along the card carriage. 
The encoding form format was therefore changed to landscape orientation 
(Fig. 26 ). A set of encoding forms is shown in Appendix B. The first 
three pages were designed to cater for information extraction of pages 
1 - 10 of the questionnaire (Appendix A) and therefore had a variable 
format to cater specifically for these questions. The remaining pages 
of the encoding form set were based on a common format (Fig. 27) 
and were used to record items 44 - 64 (Table 5) which had been recorded 
on pages 11 - 120 of the questionnaire. In order to identify stored 
items by classification and sub-class each recording line of the 
questionnaire from page 11 onwards was given a numerical code, (Fig. 28) 
starting with 0001. This numerical code was not printed on the 
original questionnaire, so a coding aid was devised. This consisted of 
strips of papers bearing the code numbers, each strip being identified 
by the corresponding questionnaire page number at its base (Fig. 29). 
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J..,. 
I.D. CODE IL;.;X.~-.~.11...,~1"--L-+-1 < 6 l 
Q 1. Member C.A. Yes = 1, no = 2 r- (7) Q 
2. Survey day ---------------------r- (8) 20. 
3. Dwelling type________________ (9) 
4. Years in house_____________ (1.1 
5. Occupants. Adults----------------r- (12 
Children 5 - 15-----------------r-- (13 
Children 2 - 4-----------------r--- ( 14 
Children - 2_-------------------r-- (15 
6. Age of housewife ----------------r- ( 16 
7. Occupation--------------------- r- (17 
8. i<:.itchen storage-----------------r- (18 
9. Units, Yes = 1, no= 2----------r-- (19 
Wall units ----------------------r- (20 10. 
21. 
22. 
23. 
24. 
base units ----------------------r- (21 
free standing cupboards -------r- (22 Q 
0 11. 
'f Outside store Yes = 1, no = 2 ___ r- (23 25 
12. Self 1, Landlord = 2----------- (24 
13. Housewifes Ht (Cm) ----I-I-HI-H(29 
14. Reach Ht. (cm)-------- (34 
ii.S. 
16. 
17. 
18. 
Money spent on food ___ L-L-'--J'--H(39 
Q 
Shopping frequency------------- '~ (40 
r- 25 
Daily purchases, Milk.---7 f- (41 
Yes = 1 
No = 2 
Bread ----------------r- (42 
Eggs---------------- f- (43 
Meat/fish___ (44 Q 
Amounts Milk pts---------- (47 26 
Bread loaves---------- (50 
Eggs Nos. --------------.-++-1{52 
Meat/fish lbs ----- (5~ Q 
19. Kitchen measurements L (60 26 
Width 
Effective floor space L 
w 
Repeat Code 2 
Wk top area L.---------
w.--------~ 
Ht. of wk top----------
Draining board 1.------
W.--------
Ht of sink-------------
N L w 
• • 
. . 
. . 
Repeat code 3 
. 
. 
. 
N L 
. 
. 
RepearrJ 
I I 1:1 
• (65) 
. (70) 
. IC75) 
(6) 
. (11) 
. (16) 
. (21) 
. (2(;) 
. (30) 
. (35) 
H 
. 50) 
• 65) 
. 80) 
(6) 
. (21) 
. (36) 
(51) 
w 
. (62) 
. (73) 
I I I : I I"' ' (28) 
Q 
26. 
Q 
27 
Q 
27 
N L W 
111111:1111:1 
N L W D 
11111:1111:1111:1 
Repeat Code 5 
• . • 
• . 
• . . 
N L W H 
~8 111111 :Ill I : 11111: I 
Q 
28 
Q 
29 
Repeat Code 6 
. . . 
. . 
. . . 
. . • 
Repeat Code 
N L W 
FIG, 26. Data encoding sheet. 
1(39) 
(50) 
1(64) 
(78) 
(6) 
(20) 
(34) 
(48) 
1(64) 
(80) 
(6) 
(22) 
(38) 
(54) 
(70) 
I'"' (26) (36) 
Repeat code L2 o I I m Repeat code 2 7 I I m 
Cat Ht L w No FD Cat Ht L w No FD 
. . • (27) 
' 
. . (27) 
. . . (47) 
• • . (47) 
. 
• • (67) • . . (67) 
Repeat code 2 I (7) Repeat code 2 8 (7) 
. . • (27) . • . (27) 
. . . (47) . . . (47) 
• 
. . (67) • . . (67) 
Repeat code 2 2 (7) Repeat code 2 9 (7) 
. . . 
• (27) • • . (27) 
. . • (47) • • . (47) 
• 
. . (67) • . . (6 7) 
Repeat code 2 3 (7) Repeat code 3 p (7) 
• • (27) • • . (2 7) 
. . • (47) . • . (4 7) 
. 
• 
. (67) • • • (67) 
Repeat code 2 14 (7) Repeat code 3 I (7) 
• . • (27) . • • (27) 
. . • (47) . • • (4 7) 
. . . (67) • . . (6 7) 
Repeat code 2 5 (7) Repeat code 3 2 (7) 
. • 
. (27) . • • (27) 
• . • (47) . • . (47) 
• . . (67) . • • (67) 
Repeat code 2 6 (7) Repeat code 3 3 (7) 
• . • (2 7) • . . (27) 
< • • • (4 7) . . . (4 7) 
• • • (67) . • • (6 7) 
FIG. 27. Data encoding sheet, common format. 
Ht :!:, I \•I I Vol t!o j Vol x Uo F' D I Ht Vol 
' I ----, r-· I I 0001 I 0002 
0003 
0004 I . 
0005 
Volume Total 
I 
• 
Ht L H Vol No I Vol x No P D Et Vol. 
0006 
0007 I 
·---· ..--- --
0008 
0009 
0010 
Volu"'e Total 
l 
Ht L VI Vol No Vol X No F D Ht 
0011 
0012 
0013 
. 0014 
0015 
Volume Total 
Fig. 28· Method of allotting code prefixes to questionnaire recording 
blocks 
-109-
Vol 
I 
I 
I 
I . 
I 
'' 
. ' 
' 
. ~ 
• 
... 
n 
0001 
1 ,, 
i 
!• 
;-: ~ 
r 
I il 
I 
,. 
I I' 
I 0016 ' i OOJl I 
! 00~7 
I 
003'2 
' i 
! 
: 
I 
'' 
. 0111 ' 
:-' ' i 
0112 I I 
I 
' 
. 0002 
l 
I! 
~; ·. 011J 
·' 
, 
000) 
coo.'~ 
0005 
ooc6 
0007 
0003 
COC9 
0010 
0011 
0012 
COl) 
0015 
11 
FIG. 29. 
0018 OOJ) 
' 
. ! 
i· 0019 i OO)lf 
I . I 
0020 
I COJ5 'I 
1: I 
I 
' 
I 
I 
01111 
.. 
0115 
i 
' 
I 
I 
i 
I 
I t= rr---1 
11 
I ~--' -
I ~~ 
C022 
! 
. f 
! 
I 
l 
'( ' ~ I 
l 
002) 
002/f 
002.5 
0026 
CC27 
0028 
0029 
00)0 
12 
' 
' , 
'i 
i 
I 
li· : I 
I 
i 
' i' 
00)6 
0037 
00)8' 
00)9 
0040 
ocM 
·00\2 
0045 
13 
. 1-
l 
0101 
0102 
010) 
0104 
010.5 
0107 
0103 
010') 
011.0 
14 
Ci16 
011.7 
Oil8 
0119 
0120 
0121 
0122 
0123 
Olt:l~ 
012.5 
,15 
Strips bearing numerical c~d~s , . . bloc~s en pages 11 - 120 f th corres~onding to recording 
-110- o e quest~onnaire. 
r 
I ' 
I i · 
I 
I 
I 
.... 
.... 
.... 
I 
·Fig. 30. Coding aid in use. 
The strips were then mounted on card in such a way as to allow 
the corresponding page from the questionnaire to be inserted 
beneath them. The correct category code for any entry was then 
entered on the encoding sheet (Fig, 30) together with the related 
data. 
Data Checking 
Before encoding took place, all the data on the questionnaires 
were checked by hand. When the data had been transferred to 
encoding sheets and transferred to punch cards, the initial programme 
was written to check encoding errors. When these had been identified 
and corrected, the data were analysed. 
The final error free sample size for the public sector was 290, 
a reduction of 10· on the number of dwellings surveyed, and 84 for 
the private sector. 
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Table 8, Responses to Questions 1 to 4 of Questionnaire. 
Public Sector, Private Sector, 
Number 
0.1 Membership of Consumer Association 
Q,2 Survey !lay 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Q,3 llwelling !ype 
a) Two storey house 
b) Three storey house 
c) Two storey maisonette 
d) One storey maisonette 
e) Flat 
f) Bungalow 
9 
41 
51 
126 
72 
168 
14 
43 
12 
48 
5 
Q,4 Number of completed years in dwelling 
a) one 
b) two 
c) three 
d) four 
e) four-ten 
99 
77 
45 
23 
46 
3,1 
14.1 
17,6 
43,4 
24,8 
57,9 
4,8 
14,8 
4.1 
16.6 
1.8 
34,1 
26,6 
15,5 
7,9 
+ 15,9 
Numher 
17 
34 
27 
23 
71 
6 
4 
3 
33 
28 
4 
6 
13 
* No undue significance should be placed on this as private 
house selection was assisted by members of.1oca1 consumer 
groups nn<l •·"~re the survey was c"rri.ed out in a l"e!"her~ 1 
house, there was a high probability that they also belonged 
to the Consumers' Association, 
+ Older houses had been modernised to Parker Horris Stand11rds, 
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20,2* 
40,5 
32,1 
27.4 
R4,5 
7,1 
4,8 
3,6 
39,3 
33.3 
4.8 
7.1 
15,5 
Table 8. Responses to Questions 5 to 8 of Questionnaire. 
Pub lie Sector. Private Sector. 
Mean Mean 
Q.S Number of occueants. 
a) Adults 2.3 2.2 + 
b) Children 2.2 1.7 
c) Combined family size 4.5 3.9 
Number % Number % 
Q.6 A~e of housewife. 
Under 20 1 0.3 0 0 
20 - 30 108 37.2 46 54.8 
30 - 40 88 30.3 24 28.6 
40 - 50 36 12.4 10 11.9 
50- 60 22 7.6 2 2.4 
Over 60 32 . ll.O 2 2.4 
No reply 3 1.0 
Q.7 Occueation of housewife. 
a) Housework full time 208 72.2 60 71.4 
b) Other occupation full time 14 4.9 9 10.7 
c) Part timework 60 20.8 13 15.4 
d) Paid work at home 4 1.4 1 1.2 
No reply 4 1.4 1 1~2 
o. 8 Oeinion on kitchen storage 
originally sueelied with house. 
a) Very satisfactory 35 12.1 7 8.3 
b) Fairly satisfactory 67 23.1 14 16.7 
c) All right 33 11.4 8 9.5 
d) Unsatisfactory 84 29.0 29 34.5 
e) Very unsatisfactory 71 24.0 26 31.0 
+ Children 16 and over are counted as an adult. 
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Table 8. Responses to Questions 9 to 14 of Questionnaire. 
Public Sector. Private Sector. 
Number % Number % 
Q.9 Did :z:ou 2rovide anv of the stora!!;e 
Units :z:ourself. 
Yes 103 35.5 41 48.8 
Q.lOa Type of Storage unit 
erovided b;t OCCUJ!ant, 
a) Wall unit(s) 52 so.s 34 82.9 
b) Base unit(s) 33 32 .o 21 51.2 
c) Free standing 34 33.0 7 17.1 
Q.lOb Kitchen storase. 
(After additions) 
a) Very satisfactory 43 14.8 15 17.9 
b) Fairly satisfactory 90 31.0 24 28.6 
c) All right 53 18.3 13 15.5 
d) Unsatisfactory 63 21.7 20 23.8 
e) Very unsatisfactory 41 14.1 12 14.3 
Q.ll Outside storage. 
Existing on occupation 179 61.7 73 86.9 
Q.l2 Provided by self 10 3.5 40 47.6 
Mean. s.n. Mean. S.D. 
Q.l3 Housewife~ stature(cm) 160.3 7.65 161.8 6.21 
Q.l4 Housewife~ vertical 
reach height (cm) 198.4 10. 9 198.4 12. 0 
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Table 8, Responses to Questions 15 to 19 of Questionnaire. 
Public Sector. Private Sector. 
Mean. S.D. Mean. S.D. 
Q.l5 Weekly food bill, including milk(£). 9.37 3.56 10.37 3.30 
Number % Number 
Q.l6 ShoEEin~ freguencl• 
a) Daily 82 28.5 7 8.3 
b) Twice weekly 58 20.1 16 19.0 
c) Weekly 113 39.2 44 52.3 
d) Monthly 4 1.4 6 7.1 
e) As required 33 10.8 11 13.0 
Q.l7 Dail~ Eurchases. 
a) Milk 276 95.8 81 96.4 
b) Bread 239 83.0 39 46.4 
c) Eggs 41 14.2 1 1.2 
d) Meat/Fish 158 54.9 27 32.1 
Mean. S .D. Mean. S.D. 
Q.18a Amount of milk bought daily(Pts.) 2. 72 1.19 2.62 1.12 
O.l8b Amount of bread bought daily or 
weekly (Loaves,) 1.27 0.75 0.94 0.44 
Q.l8c Number of eggs bought(weekly.) 11.70 10.47 12.80 10.33 
(l.l8d Meat/Fish,daily or weekly purchases(lbs) 0.82 • 70 0.81 0.22 
0.19 Kitchen area, wall-wall(m2) 8.56 3.16 8.60 2.65 
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Table 8. Responses to Questions 20 to 23 of Questionnaire. 
Public Sector. Private Sector, 
Mean. s.n. Mean, s.n. 
Q.2o Effective floorspace (m2) 
(Q.19 less area occupied by fitments,) 4.73 2.36 4.81 1.95 
Mean, s.n. 
Q,21a Work to!! lent:th (m) 
Public 2,1 0,91 
Private 2.7 1.06 
Q,2lb Work to£ width (m) 
Public 0,54 0,06 
Private 0,53 0,08 
Q,21c Work tOJ:! area (m) 
Public 1.13 4,96 
Private 1.44 5.57 
Q,22 Work to!! heisht (m) 
Public 0,89 0,04 
Private 0,91 0.02 
0.23a Drainer 1ensth (m) 
Public 0, 70 0,31 
Private 0,70 0,29 
Q.23b Drainer width (m) 
Public 0,51 0,21 
Private 0,51 0,39 
Q,23c Area of Drainer Cm2) 
Public 0,36 0,18 
Private 0,37 0,18 
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Table 8. Responses to Questions 24 to 31 of Questionnaire. 
Mean. s~. n. % Sample 
Q,24 Sink heisht(m). 
Public 0,90 0,03 
Private 0,91 0,0) 
Q,25 Wall storase units 1 volume (m3) 
Public 0,62 0,93 78,3 
Private 0,43 0,40 83,3 
Q,26 Wall stora~e units 1shelf area (m2) 
Public 1.23 1,24 " 
Private 2,09 6,14 " 
Q,27a Drawer Volume (m3), 
Public 0,06 0,06 90,7 
Private 0,08 0,05 92,9 
Q.27b Drawer1 Base area(m2), 
Public 0,54 0,38 " 
Private 0,70 0,39 " 
o.28a Base units volume(m3) 
Public 0,87 0,53 87,9 
Private 0,91 0,38 96,4 
o.29 Base units she 1f area(m2), 
Public 1,55 1,00 " 
Private 1,79 (1,87 " 
Q,30 Free standin!! cupboard vol,(m3), 
Public 0,92 0,94 36,2 
Private 1.03 1,16 42,8 
0,31 Free s tandins cu£board shelf ;.rea(m2) 
Public 1,10 0,80 " 
Private 1,02 0,69 " 
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Table 8. Responses to Questions 32 to 36 of Questionnaire. 
Q, 32 Cool cupboard volume (m3), 
Public 
Private 
Q,33 Cool cupboard shelf area (m2) 
Public 
Private 
Q,34a Refrigerator, internal volume (m3) 
Public 
Private 
Q,34h Refrigerator, external base area (m2), 
Pub lie 
Private 
Q,35 Refrigerator; shelf area, 
Public 
Private 
Q,36 Sink/draining board type. 
a) 1 bowl no drainer 
b) 1 bowl 1 drainer 
c) 1 bowl 2 drainers 
d) 2 bowls no drainer 
e) 2 bowls 1 drainer 
f) 2 bowls 2 drainers 
-ll9-
~ean. 
0,77 
0,60 
1,23 
1,04 
0,12 
0,14 
0,27 
0.28 
0,43 
0,53 
s.n. 
0,67 
0,43 
2,22 
0,55 
0,05 
0,06 
0,05 
0,05 
0,21 
0,32 
-~ Sample, 
55.2 
40,5 
" 
" 
70,0 
94,0 
" 
" 
" 
" 
Public Sector ~rivate Sector, 
Number 
4 
209 
52 
5 
3 
11 
% Number 
1.4 
73,6 
lA, 3 
1,7 
1.0 
3,R 
0 
58 
18 
1 
5 
0 
70,7 
22,0 
1.2 
6,1 
Table 8. Responses to Questions 36 to 38 of Questionnaire. 
Q,36a Number of ribbed draining 
boards, 
Q, 37 a Kitchen tab le area(m2) 
(Contracted), 
Public 
..,rivate 
Q,37b Kitchen table extended(m2) 
Pub lie 
Private 
Q,38 Domestic appliances, 
(kept in kitchen) 
Boiler gas/oil heating 
Boiler solid fuel (heatin~), 
Stove solid fuel (cooking), 
Electric hob 
Gas hob 
Split level oven electric 
Split level oven gas 
Cooker-free standing electric 
Cooker free standing gas 
Port ab le gri 11 
Eye leve 1 gri 11 
Low leve 1 gri 11 
Electric kettle 
Electric toaster 
Electric fryin~ pan 
Electric deep frying pan 
Electric casserole 
Electric coffee pot 
-12().. 
Public Sector, Private Sector, 
Number 
206 
Mean. 
0,47 
0,53 
0,82 
1,20 
Number 
24 
7 
2 
16 
11 
(l 
120 
133 
6 
64 
63 
143 
29 
1 
0 
0 
8 
7 
% Number 
71,0 
s.n. 
0,21 
0,32 
0,37 
1,91 
61 
% Number 
8,3 
2.4 
0,7 
5,5 
3,8 
0 
2,4 
41,4 
45,9 
2.1 
22,1 
21,7 
49,3 
10,0 
0,3 
0 
0 
2,8 
24 
3 
0 
5 
0 
3 
0 
55 
22 
0 
20 
22 
59 
26 
4 
0 
0 
16 
72.6 
X Sample, 
34,5 
17.9 
11 
11 
28,6 
3,5 
0 
6,0 
0 
3,5 
0 
65,4 
26,2 
0 
23,8 
26,2 
70,2 
31.0 
4,8 
0 
0 
19,0 
Table 8, Responses to Questions 38 to 39 of Questionnaire. 
Public Se et or Private Sector, 
Number % Number % 
Electric food mixer 37 12,8 44 52,4 
Electric hot plates 8 2,8 0 0 
Washing machines 180 62,0 65 77,4 
Spin drier 51 17,6 15 17,9 
Drying cabinet 10 3.4 1 1.2 
Hot air dryer 5 1,7 7 3,5 
Refrifgerator 203 70,0 79 94,0 
Iron 165 56,9 30 35 0 7 
~Tacuum Cleaner 73 25,2 12 14,3 
No, of Electrical items other than above 
1 58 20,0 26 31,1 
2 28 9,7 11 13,1 
3 6 2.1 2 2,4 
4 or more 1 0,3 1 1,2 
Mean. s.n. %Sample, 
Q.39 Quantity root vegetab 1es (lbs ,) 
a) Potatoes, 
Public 11.5 16,0 73,0 
Private 7.7 10,9 78,0 
b) Turnips/swedes etc. 
Public 1,6 1, 0 7,2 
Private 1.1 0, 5 10,7 
c) Carrot /parsnip 
Public 1.4 0, 8 26.5 
Private 1.6 1. 0 45,2 
d) Onions 
Public 1.2 0, 7 32 ,R 
Private 1.3 o. 9 47,6 
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Table 8. Responses to Questions 39 to 43 of Questionnaire. 
Public Sector, Private Sector. 
Mean s.n. %Sample, 
Q,39 e) Other vegetables in this 
category but not named, 
Public 2,2 1. 71 10,0 
Private 2.4 2. 6 15,5 
Q,40 Root ve!letab les stored else where, 
Public 33.6 51. 0 10,3 
Private 35.6 42. 0 24,0 
Q.41 Green Ve!letab les (lbs ,) 
Public 3.6 14. 3 37,6 
Private 2,0 1. 5 54.7 
Q.42 Hard fruit (lhs,) 
Public 2,8 5. 0 44,8 
Private 2,7 2, 1 76,2 
Q,43 Soft Fruit (lbs,) 
Public 2,2 2. 8 35.9 
Private 1.9 1. 2 53,6 
• 
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Table 9, Contents of storage fitments, (dm. 3) 
1. Canned goods 
1.1 Canned ve!letables Mean s.n. 1.: SmDJ2h: 
Public 3,05 3.17 79.4 
Private 4.81 4,52 90,0 
1.2 Canned fruit 
Public 3,89 4,26 71,3 
Private 5,40 4,90 86,2 
1.3 Canned meat 
Public 2,23 4,38 50,0 
Private 2,50 2,59 70,0 
1.4 Canned fish 
Public 0,82 0,75 37,9 
Private 0,97 0,82 67,5 
1.5 Canned drinks 
Public 3,31 4.47 52,1 
Private 3,48 5,04 63.7 
1,6 Canned Eet foods 
Public 1,88 2,04 17,0 
Private 2,03 1.43 10,0 
1,7 Other canned foods 
Public 2,00 2,40 41,8 
Private 2,68 3.24 47,5 
2,0 Drz Goods (dm3) 
Breakfast cereals 
Public 7,61 5,97 80,1 
Private 9,95 5,56 97,5 
2 .2 Porrid~ 
Public 2,14 1.20 24,5 
Private 2.18 1,41 35,0 
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Tab le 9 conti ued 
~· ~ - 7. Sample. 
2.3 Rice 
Public 1.45 1.5 52.5 
Private 2.19 2.3 81.2 
2.4 Pasta. 
Public 1.69 2.63 27.7 
Private 2.91 6.52 62.5 
2.5 Flour 
Public 3.48 3.84 86.5 
Private 5.28 4.03 96.2 
2.6 Other Bakin!! materials and Sugar. 
Public 4.81 4.01 95.0 
Private 7.19 5.33 96.2 
2.7 Custards 1 Jellies etc. 
Public 2.27 1.98 84.0 
Private 3.47 3.23 94.9 
2.8 Dried fruits. 
Public 1.72 1.83 50.0 
Private 2.72 2.47 75.9 
2.9 Dried ve!letables 
Public 1.52 2 .3R 34.2 
Private 2.29 3.92 51.9 
2.10 Packet soups. 
Public 0.68 0.79 26.3 
Private 1.16 2.67 46.8 
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Table 9 contiued 
Mean s.n. -r, Sample 
2.ll Salt 1 Herbs 1 Spices. 
Public 2.31 1.94 96.4 
Private 4.00 2.71 100.0 
2.12 Bread (Container) 
Public 6.17 5.77 81.5 
Private 6.11 6.45 82.3 
2.13 Cakes (Container) 
Public 7.64 7.52 42.7 
Private 13.25 12.77 62.0 
2.14 Biscuits(Container) 
Public 5.88 5.38 72.6 
Private 8.46 7.90 89.9 
2.15 Preserves 
Public 6.26 7.17 98.2 
Private 9.48 5.39 97.5 
2.16 Beverages 
Public 8.20 16.73 99.6 
Private 15.67 20.07 100.0 
2.17 Sweets and Chocolates. 
Public 1.17 1.59 18.1 
Private 2.38 3.26 34.6 
2.18 Packets of Pet food. 
Public 2.17 2.31 17.4 
Private 2.71 2.09 7.7 
-12.5-
Table 9 contiued 
Mean. 
..h!l.t % Sample; 
2.19 BabJ:: Food. 
Public 3.03 3.11 19.6 
Private 3.58 2.64 37.2 
2.20 Other D!:J:: Goods 
Public 4.54 7.43 5.1 
Private 3.24 1.41 5.2 
3.0 Goods re qui rin!l low temp-
erature storage. 
3.1 Fats and Oils 
Public 2.39 2.16 94.3 
Private 4.05 2.89 96.2 
3.2 Mi lk 1Cream1 Yo!lhurt and Cheese, 
Public 3.50 2.82 89.3 
Private 4. 79 2.71 93.7 
3.3 Egf:S • 
Pub lie 2.49 2.69 74.3 
Private 2.99 2.20 73.4 
3.4 Medicine. 
Public 2.14 3.36 17.5 
Private 1.06 1.19 16.5 
3.5 Meat. 
Public 1.92 2. 74 31.4 
Private 3.~9 4.80 43.0 
3.6 Fish. 
Public 1.30 0.93 5.7 
Private 0.88 0.31 3.8 
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Table 9 continued 
4,0 Meal left overs. 
Public 
Private 
5,0 Frozen foods, 
Public 
Private 
6,0 Cooking utensils, food preparation, 
serving equipment and eating utensils, 
6,1 Saucepans, 
Public 
Private 
6,2 Shallow frying pans, 
Public 
Private 
6,3 Deep frying pans, 
Public 
Private 
6,4 Steamer, 
Public 
Private 
6,5 Scales, 
Public 
Private 
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2,58 
3.11 
8.46 
13.74 
33.33 
40,43 
9,18 
11,25 
10,64 
14,03 
9.41 
8,96 
8,89 
9.77 
3,01 
1,57 
36.21 
52,07 
21,61 
30.24 
8,69 
8,01 
7.83 
6,57 
7,62 
6.01 
3.83 
4,05 
-% Sample, 
10,0 
26,0 
14,5 
51.3 
97,1 
98,7 
85,6 
85,7 
56,3 
63.6 
16,7 
14.3 
34,0 
55,9 
Table 9 continued 
Mean. ~ % Sample. 
6.6 Funnels. 
Public o.98 1.20 6.9 
• 
Private 1. 71 0.85 9.0 
6.7 Coffee mill. 
Public 3.70 o.o 0.4 
Private 2.17 0.69 6.0 
6.8 Food Slicer 
Public 3.08 5.00 12.5 
Private 2.Ro 3.61 12.5 
6.9 Jelly Moulds. 
Public 2.84 2.13 20.5 
Private 3.94 6.10 33.3 
6.10 Babies feeding Bottles. 
Public 1.76 2.29 13.7 
Private 3.42 2.35 20.3 
6.11 Crockery 
Public 26.76 20.25 100.0 
Private 25.69 23.22 100.0 
6.12 Glasses 
Public 6.05 7 .oo 65.5 
Private 6.80 6.64 65.6 
6.13 Food containers. 
Public 20.27 14.43 68.0 
Private 22.21 9.53 74.6 
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Table 9, continued 
~· s.n. - % Sample, 
-
6,14 
.!!.!.!!! • 
Public 32,15 23,91 76,8 
Private 36,09 21,72 69,4 
6,15 EmJ!tz bottles and jars. 
Public 14,57 47,72 46,2 
Private 8,61 9,06 32.3 
6,16 Food covers, 
Public 6,79 7,58 3,7 
Private 0,71 0,23 3,2 
6,17 Flour Dredse. 
Public 1.75 1,02 3,0 
Private 1.16 0,45 11,3 
6.18 Measurins jus. 
Public 2,45 1,88 40,2 
Private 2,68 1,47 67,1 
6,19 Colander, 
Public 7.25 3,27 53,0 
Private 7.79 4.43 48,6 
6,20 Lare;e Plates, 
Public 8,69 9,70 59,9 
Private 8,19 7,44 49,3 
6,21 Mise, Elates/dishes, 
Public 8·,43 13,67 48,1 
Private 8,99 12,88 40,3 
6,22 Cake dish, 
Public 3,61 4,82 8,8 
Private 3.14 3,99 11,9 
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Table 9 continued 
!!!!!!. ~ -% Sample, 
6,23 Hot Elate, 
Public 3,63 5,22 2,3 
Private 17,43 0,21 3,0 
6.24 Condiment sets. 
Public 0,83 0,50 52,9 
Private 0,67 0,53 44,8 
6,25 Other egui2ment, 
Public 2,54 3,87 13,4 
Private 13.60 32,96 13,6 
6,26 Large jugs. 
Public 3,89 2,83 46,4 
Private 3,60 1.84 53,0 
6,27 Tureens 
Public 6.57 4,54 9,6 
Private 9,15 5,99 15,2 
6,28 Bowls 
Public 9,30 10,92 29,4 
Private 11,16 9,04 34,3 
6,29 Cake stands, 
Public 8,48 7,78 18,3 
Private 8,98 2,31 1.5 
6,30 Gravy boat, 
Public 1,80 1,14 20,7 
Private 2,04 1.25 27,3 
-]Jo-
Table 9 continued 
Mean !ill.:. , % Sample 
-
6.39 Oven Hardware(Metal.) 
Public 17.42 17.19 88.1 
Private 22.48 18.45 96.1 
6.40 Oven Hardware (Potte~ and Glass.) 
Public 24.77 18.66 89.6 
Private 34.99 22.65 93.4 
6.41 Boards(Cho£Eins!Bread and Past~.) 
Public 2.52 3.26 40.2 
Private 2.25 2.02 75.7 
6.42 Cooke~ Books. 
Pt·blic 3.28 3.32 25.1 
Private 17.12 33.19 45.5 
6.43 Trax:s. 
Public 6.62 5.49 68.3 
Private 8.27 6.83 80.6 
6.44 Washins:;u£ bowl 
Public 24.17 21.53 63.4 
Private 24.22 17.53 53.2 
6.45 Others in (6.01not S£ecified.) 
Public 6.54 11.62 27.6 
Private 5.14 3.76 20.2 
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Table 9 continued 
Mean ~ % Sample 
6.31 Enamel plates 
Public 1,99 1,30 18.2 
Private 2,55 2,00 18,3 
6.32 Pepper Mill 
Public 0,16 0,08 1,1 
Private 0,34 0,25 9,9 
6,33 Pressure Cooker 
Public 17.90 5,92 15,9 
Private 20,44 6,46 32,5 
6.34 Kettles (non electric,) 
Public 10,56 4,61 60,2 
Private 10,91 2,31 43,4 
6,35 Tea Pot 
Public 5,65 2,95 91.1 
Private 5,66 3,41 90,8 
6.36 Coffee Pots 
Public 5,93 2,86 18,3 
Private 11,24 27,44 52,6 
6,37 Pan Lids 
Public 6,67 7,34 71.6 
Private 7,28 6,63 65 .s 
6,38 Other Pans 
Public 2,38 1,65 9.7 
Private 3.53 2,46 5.3 
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Table 9 contiued 
.!:!!:.!!!! !:.!!:. % Sample 
7.0 Items Associated with drawer storage. 
7,1 Grater 
Public 1,17 1,06 60,2 
Private 1.41 0,92 75,3 
7.2 Mincer 
Public 4,65 2,37 15,4 
Private 4,40 2,50 18,1 
7.3 Rollin!l Pin 
Public 1.07 0,70 52,6 
Private 1,25 O,RO 68,5 
7,4 Past!J:: Cutters 
Pub lie 0,49 0,47 36,4 
Private 0,46 0,44 48,6 
7.5 Past !:I Brush 
Public ,067 ,09 19.7 
Private ,051 ,02 37,1 
7,6 Wire Whisk 
Public 1.80 3,QO 24,2 
Private 1,10 0,75 16,9 
7,7 Icing Sets 
Public 0,78 0;45 8,3 
Private 2,23 2,30 15.5 
7,8 Food tongs 
Public 0,49 0,22 11,7 
Private 0.57 0,30 29,6 
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Table 9 continued 
Mean ~ % Sample 
7.9 Sieve 
Public 2. 79 2.00 35.2 
Private 3.72 2.99 61.1 
7.10 Strainer 
Public 1.65 2.26 29.5 
Private 1.46 1. 70 29.2 
7.11 Palette knife 
Public 0.21 0.23 33.0 
Private 0.18 o.o8 54.9 
7.12 Slotted spoon 
Public 0.95 1.52 40.5 
Private 0.78 0.49 48.6 
7.13 Wooden spoon 
Public 0.32 0.41 46.2 
Private 0.34 0.32 64.3 
7.14 BastinE spoon 
Public o.57 0.54 42.4 
Private o. 71 0.83 47.1 
7.15 Potato Masher 
Public 1.61 0.54 67 .o 
Private 1.89 0.81 67.1 
7.16 Rotary whisk 
Public 1.98 1.10 25.4 
Private 2.97 4.72 44.9 
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Table 9 continued 
Mean §..:.!!:. % Sample 
7.17 Ladle 
Public 2.19 1,13 42.0 
Private 1.99 0,83 59.4 
7.18 Can Opener 
Public 0.53 0,64 98.4 
Private o. 77 0,86 98,0 
7.19 Cork Screw 
Public 0,21 0,44 12.5 
Private 0.19 0,15 26.1 
7.20 Fish Slice 
Public 1,26 0,81 67.7 
Private 1.18 0.62 71.0 
7.21 Wooden skewers 
Public .009 ,004 1.1 
Private ,041 ,014 2.9 
7.22 Metal skewers 
Public 0.12 0,20 6.9 
Private 0,10 o.os 16.2 
7.23 Kitchen scissors 
Public 0.17 0.19 40.1 
Private 0,14 o.u 44.1 
7,24 Potato Peeler 
Public 0.46 2.18 32.4 
Private 1.74 6,46 44.1 
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Table 9 continued 
~ !!.!!· % Sample 
7.25 Juice extractor 
Public 1,02 0,55 18,3 
Private 1,06 0,30 33.8 
7,26 Kitchen Knives 
Public 0,79 3,99 82,2 
Private 0,55 0,88 79,2 
7,27 SharEenina steel 
Public 0,17 0,17 18,2 
Private 0,10 0,05 23,9 
7,28 Larae Fork 
Public 0,.73 .. a.n 61,4 
Private 0.45 o,.78 60,6 
7.29 Measurina SEoons 
Public 0,25 0,26 4,6 
Private 0,10 0,07 7,5 
7.30 Knives 1 forks 1 spoons 
Public 3,58 5,53 lOO 
Private 2,91 2,01 lOO 
7.31 Oven cloths 
Public 1.18 1, 78 15,3 
Private 1,09 0,83 28.8 
7,32 Oven Mitts 
Pub lie 0,99 0,64 13,4 
Private 0,99 0,97 19.7 
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Table 9 continued 
Mean ~ % Sample 
7,33 (Other cloths assoc, with oven) 
Public 7,24 13,86 5,1 
Private 4.51 2,90 6,1 
7.34 Towels and aprons· 
Public 5,20 9,17 62,4 
Private 7,24 10,84 54,8 
7,35 Table covers (mats 2cloths} 
Public 6,45 12,94 48,4 
Private ll,!l2 15,66 43.7 
7.36 Kitchen and tab le linens 
Public 13.27 12.37 0 4,1 
Private 16,48 13.30 93,8 
8,0 Cleaning cupboard 
8.1 Dust2an 
Public 6,15 4,15 32,2 
Private 7.65 4,36 24,2 
8,2 S"'"eping hrush 
Public 54,83 64,70 45,5 
Private 46,29 35.89 26,2 
8,3 Sponse mops 
Public 26.57 1fi. 32 6,3 
Private 15,94 11,34 6,9 
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Table 9 continued 
Mean !:.1!:. :'. Sample 
8.4 Clothes pegs 
Public 3,45 4,77 39,5 
Private 8,25 18,18 ':7.6 
8.5 Clothes line 
Public 3.62 3,14 8,8 
Private 2,83 2,06 8 ,:J 
8,6 Bleach & Di sin feet ant 
Public 2,33 2.09 71,4 
Private 2,90 2,29 64,9 
8,7 Polisher(misc,) 
Public 2,45 7.75 16.1 
Private 0,74 0.47 5.4 
8.8 Polishes 
Public 2.19 4.02 63.6 
Private 2.42 2.18 64.3 
8.9 Dusters 
Public 3,46 6.53 45.6 
Private 5,89 11,70 48.4 
8,10 Aerosols 
Public 1.45 1.05 55.6 
Private 1.42 2,11 50,0 
8.11 Shoe cleanins eguiE!!!ent 
Public 3.83 7,67 68.8 
Private 5.23 10,95 51,6 
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Table 9 continued 
Mean !:!?..:. % Sample 
8,12 Floor mop 
Public 54.90 10,58 28,6 
Private 32.08 15.90 16.1 
8,13 Floor cloths 
Public 0,93 1,18 61.5 
Private 1.99 3.57 59.7 
8,14 Buckets 
Public 27.31 17,44 63,0 
Private 27,91 17.55 46,8 
8,15 Hand brush 
Public 3.27 7.68 39.9 
Private 2.36 1.72 33.9 
8,16 Scrubbins brush 
Public 0,59 0,49 38,7 
Private 0.55 0,28 32.3 
8.17 Cleanin!l Rags 
Public 13.47 62,65 24,6 
Private 13.28 26.38 16.1 
8,18 Fire lighters 
Public 0,65 0,57 6,0 
Private 1.85 1,8 
8,19 Coal/Coke Hob 
Public 22,19 8,42 1.3 
Private o. 0 o. 0 0,0 
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Table 9 continued 
Mean !!!!.:. 7. Sample 
8,20 Shovel 
Public 8 0 75 6,33 15,5 
Private 14.35 7.15 7,3 
8,21 ProprietO!J:: cleaners 
Public 2,05 1,77 35,7 
Private 2,59 2,28 34,0 
8,22 Kitchen hardware cleanins e9uipment 
Public 3,83 4,34 85,8 
Private 4,41 2,66 81,0 
8,23 Washing-up liguid Powders etc. 
Public 1,58 0,84 10,3 
Private l,lll 1,24 12,7 
8,24 Soap 
Public 0,48 0,68 70,5 
Private 0,94 2,29 63.3 
8,25 Gloves 
Public 1,17 1.38 13,4 
Private 1,08 0,81 22,4 
8,26 Papers & Masazines (old) 
Public 16,30 29,00 17,9 
Private 7. 76 11,60 19,1 
8,27 Iron 
Public 4,41 2,04 73,7 
Private 4,63 1,95 65,2 
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Table 9 continued 
~ ~ % Sample 
8,28 Iror.in!l board 
Public 34,62 19.70 48,1 
Private 36.55 21.11 42.1 
8,29 Electric bulbs 
Public 1,92 2,97 12.1 
Private 2,60 2,84 14.3 
8,30 Candles 
Public 1.39 2,25 20,3 
Private 1.24 1,40 20,6 
8,31 Vacuum cleaner 
Public n..55 102,33 35,6 
Private 82.22 36,61 37.5 
8,32 Ca!J:!et sweeEer 
Public 83.78 35,26 27.2 
Private 102 .43 2?. ,99 32.1 
8,33 Ca!J:!et beaters/cleaner aEEli cators 
Public 50.99 7,76 1,0 
Private 3,50 3,8 
8,34 Cleaning equipment & materials 
not catesorised 
Public 9.61 10,62 4,5 
Private 83.66 82,15 11.1 
8,35 Animal feedin!l bowls 
Public 7,08 23,05 18.3 
Private 6,66 6.75 8,1 
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Table 9 continued 
l!!!!l s.n. % Sample 
8,36 Gas lishters 
Public 1,09 1.69 14.3 
Private 0,76 0,14 21,1 
8,37 Shoeein!l baskets 
Public 39,99 42,43 61,8 
Private 24,71 17,69 38,5 
8.38 Matches 
Public 0,26 0,38 39,1 
Private 0,20 0,37 40,9 
8,39 Taeers 
Pub lie 1.86 2,40 3,0 
Private 0, 0 0, 0 0,0 
8,40 Tools 
Public 18,19 57,59 63.4 
Private 6.59 6,61 55,6 
8.41 Other items not specified 
Public 150,35 298,89 100,00 
Private 124,31 187,41 100,00 
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Grouping of data 
Graphs 1 to 8 represent the distribution by volume of items 
listed in Table 9·, The ordinate in each case shows the percentage of 
the population possessing a given volume of items in these categories• 
the actual value being given by the abscissa scale. The volume 
scale varies from graph to graph according to the maximum values 
attained. For purposes of summary the items are now grouped to-
gether according to functional storage requirements as follows:-
Graph 1 and Table 10. Canned goods (items 1.1 - 1. 7, table 9). 
Graph 2 and Table 11. Dry goods (items 2.1 - 2.20, table 9). 
Graph 3 and Table 12. Goods requiring low temperature storage 
2°C- · 8°C (items 3.1- 3.6, table 9), 
Graph 4 and Table 13. Cool temperature conditions · 6°C - 12°C 
(cool cupboard conditions (item 4.0, table 9). 
Graph 5 and Table 14. Frozen foods -6°C - -18°C (item 5.0, table 9), 
Graph 6 and Table 15. Cooking and eating utensils, food preparation 
and serving equipment (items 6,1- 6.44, 
table 9). 
Graph 7 and Table 16, Drawer storage (items 7.1- 7.36, table 9), 
Graph 8 and Table 17, Cleaning cupboard (items 8.1 - 8.41, table 9). 
On the page following each graph an associated table is given which 
summarises the data and shows the base storage area and volume required 
for the storage of the items in that category. The base area is caL-
culated in the manner shown on page 99, i.e. d2 where d = the 
diameter of a circular base or length X width where the item has 
a rectangular or elliptical base. 
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Separation index 
In order to lift an object from the shelf it is necessary accord-
ing to its size either to grip it between the thumb and fingers of one 
hand, or to hold it between two hands. For this to be possible it is 
necessary for the object to have free space on either side, This 
space or separation index was based 011. data of the female adult hand 
( Garratt 1971) : Mean ~· 
Digit 1 (thumb) Interphalangeal joint depth. 1.68 cm. 0.10 cm. 
Digit 3 Proximal 11 I! I! 1.68 cm. 0.10 cm. 
As the mean and S.D. of the interphalangeal joint depth of digit 1 is 
the same as the mean and S .D. of the proximal interphalangeal joint 
depth of digit 3, i.e. 1.68 cm. and 0.10, respectively, the separation 
index in cases of one handed and two handed access is identical. 
However, in order to cater for as wide a range of the population as 
possible, the separation index is computed by taking the mean and 2 x 
S,D. of the respective interphalangeal joint depths. Therefore the 
-
value of the separation index becomes: 
2 (l.68 + 2 x 0.10) = 3,76 cm. 
This was applied to the mean base area of items in each category to 
obtain the base area required for storage in the following manner, 
Jfx (n + 1) (s.r.) 2 + B, 
Where: B = Total base area of items in category. 
n = number of items in category. 
s.r.= separation index. 
Vertical separation 
In order to allow for access to items stored behind each other 
on a horizontal plane, a free 'vertical' space is required above the 
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items to allow for removal and replacement. Subsequent to user 
trials, this index was set arbitrarily at the mean height of the 
items in that·particular category plus a vertical separation 
index factor (V.I.) of 5.08 cm. The only exceptions to the 
inclusion of a vertical separation factor was in the case of items 
stored in drawers (Table 9, items 7.1 - 7.36), 
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Graph 1. Canned goods. 
-Frequency_ Number of items Base area With sepa~ation Index Height With separation index 
of use Mean S.D. Mean (m2) ·s .D. ... Mean (m ) S.D. Mean(ni) S, D. Hean (m) S,D, 
1 - 3 11.42 13.01 0.073 o.o88 0.090 0.108 0.103 0.173 0.256 0.413 
Public 
sector 4 3.00 5.52 0,020 0.036 0.024 0.045 0,087 0,086 0,225 0.210 
Total 14.42 16.14 0.093 0.109 o.115 0.133 0.099 0.159 0.250 0.380 
1 - 3 17.51 16.82 0.107 0.109 
Private 
0.133 0.134 0.095 0.163 0.240 0.406 
Sector 4 7.40 11.69 0.048 0.077 0.060 0,095 o.o86 0.094 0,223 0.236 
Total 
' 
24.92 22.14 0.156 . 0.144 0.193 0.178 d.092 0.146 0.235 0.364 
Frequency Volume Volume with-base separation Volume".with base and vertical separation 
of use Mean (m3) S.D, Mean (m3) S.D •.. Mean (m3) .S.D. 
1 - 3 0.007 0.009 0,009 o.on 0,023 0.027 
Public 4 0,002 0,003 sector 0.002 0.004 0.005 o.o10 
Total 0,009 0,010 0,011 0.013 0,028 0.032 
1 - 3 o.o10 0,010 0.127 0.013 0.032 0.032 
Private 
sector 
4 0,004 0,007 0.005 0,008 0.013 0.021 
Total 0.014 0.014 0.018 0,017 0.045 0.042 
Table 10, Volume and base area of storage required for canned goods, 
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Public · 
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Sector 
Public 
sector 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
' 
Frequency 
of_ use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
-
Number of items Base area With separation Index Height With· separation index 
·Mean S.D. Mean (m2f S.D. .. Mean(m2). S .D. Mea'n(ni) S.D, Hean(m) S.D. 
' 
36.61 21.02 0.300 . 0.1<)7 0,367 0.234 0,136 0.188 0.322 0.429 
6.34 8.56 0.033 0.048 0.043 0,060 . 0.120 0.119 0.290 0.274 
42.95 25.30 0.333 0.220 0.410 0,264 0,133 . 0,179 0.317 . 0.410 
62.52 35.87 0.522 0.324 0.636 0,383 0,133 0.197 0.316 0.460 
11.86 15.92 0.079 0.142 0.099 0,162 0,123 0,188 0.296 0.418 
. 
74•38 41.39 o.6o1- 0.388 0.734 0,456 0.131 0.195 0.313 0.454 
Volume Volume with·base separation Volume·_with base and verticaL separation 
Mean (m3) S,D, Mean (m3) S.D. Mean _(m3) .S.D. 
-- -
0,043 0.032 0.053 0.037 0.124 0.085 
0,004 0.006 0,005 0.007 0.013 0.018 
0,047 0.034 0.058 0.040 0.137 0.093 
0,070 0.039 -0.086 0.047 0.204 O,llJ 
o.o10 0.020 0,012 0.023 0.030 0.053 
o.oso 0.047 0.098 0,056 0.233 0.134 
Table 11. Volume and base area required for storage of dry goods. 
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Public 
sector 
Private 
Sector 
Public 
sector 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
' 
Frequency 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
.. 
Number of items Ba~e area With separation Index Height With separation index 
·Mean S.D. Mean(m ) S .D. .Mean .(m2). S .D. Mean(ni) S. D. Mean {m) s.D. 
' 
9.22 6.57 0,091 0.069 0.110 0.081 0.099 0.196 0.249 0.448 
0.27 0.84 0,002 0.014 0.003 0.016 0.119 0.119 0.289 0.275 
9.49 6.72 0,093 0,071 O,ilJ 0.084 0.100 0.195 0.250 0.444 
13.07 8.26 0,125 0.090 0.152 0.106 0.101 . 0,200 0.253 0.455 
0.36 l.OO 0,002 0,005 0.002 0.006 0.132 0.173 0.315 0.384 
. 
13.43 8.36 0,126 0.090 0.154 0.107 0.102 0.200 0.254 0.454 
. .. 
Volume Volume with·base separation Volume with base ~nd vertical separation 
Mean (m3) s.n. .. Mean (m3) S.D. Mean (m ) .S.D. 
·o.oo7 0,006 0.009 0.007 0.024 0.018 
0,001 0.001 0,003 0.002 0,001 0.004 
0.008 0,006 0.010 0,007 0.025 0.019 
o.ou 0,008 0,014 0.010 0.035 0,024 
0,001 0.001 o.ooo 0.001 0,001 0.002 
0.011 0.008 0,014 0,010 0.035 0.024 
Table 12. Volume and base area of semi perishable goods requiring storage at + 2°0 -+8°C, 
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Public 
sector 
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Sec tor 
Public 
sector 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
' 
Frequency 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
.-· 
Number of items Base area IVith separation Index Height With separation index 
He an S.D. Mean (m2) ·s .D •. .Nean(m2) s.D. Mean (in) S. D. Hean(m) s.D. 
2.82 1.86 0,150 0.132 0.163 0.]40 0.087 0.039 0.224 0.079 
. 
0,003 0.059 0,0002 0.0030 0,0002 0,0032 0.090 o.ooo 0,231 o.oo 
2.83 1.86 0.150 0.132 0.163 0.140 0,087 0.039 0.224 0.079 
4.27 2.28 0.182 0,110 0.200 0.119 o.o8o 0.030 0.212 0.062 
0,071 0.402 0,0015 0.0085 0,0017 0,0098 0.078 0.032 0.206 0.064 
4.35 2.32 0.184. 0.110 0.202 0.118 0.080 0.0297 0.212 0.062 
·-
Volume Volume with-base sepnration Volume· with base and vertical separation 
Mean (m3) S.D. . Mean(m3) S.D. Mean (m3) .S. D. 
. . 
0,019 0.028 0.021 0.029 o.oso 0.065 
o.oo 0.0003 o.oo 0,0003 ' o.oo 0.0007 
0,019 0.028 0.021 0.029 o.oso 0.065 
0,018 0.017 0.020 0,018 0,050 0,042 
o.o 0.0005 0.0001 0.0006 0,0003 0.002 
0,018 0.017 0.020 0,018 0.051 0.042 
·• 
-
Table 13. Volume and base area of goods requiring stora,ge at -t{i°C - +12°C, 
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Public 
sector 
Private 
Sector 
Public 
sector 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
' 
Frequency 
of. use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
···. .. 
Number of items Base area With separation Index Height With separation index 
• .·Mean S.D. Mean (m2) · s.n. . . .Mean.(m2) S. D. Mean (in) S. D. Hean ·(m) S.D • 
' 
0,23 1.0 0.005 o;o24 0.006 0.026 0.070 0,122 0.190 0.293 
0.02 0.16 o.o 0.002 o.o 0,003 0.045 0,034 0.141 0.068 
0.25 1.01 0.005 0.025 o.oo6 0.026 0,070 0.117 0.186 0.282 
0,76 1.14 0,021 0.055 0.024 0.058 0.098 0.159 0.246 0.333 
0.05 0.21 0.0 0.002 0.001 0,003 0.073 0,045 0.195 0.090 
0.81 1.14 0,021. 0.055 0.024 o.oss 0,096 0.155 0.243 0.324 
Volume Volume withjbase separation Volume· .. with base and vertical separation 
Mean (m3) S.D, Mean(m ) S.D. Mean (m3) .S. D. 
0,0012 0.0138 0.0012 0.0144 0,0028 0.0299 
o.o 0.0001 o.o 0.0001 o.o 0.0003 
0,0012 0,0138 0.0013 0.0144 0,0028 0.0299 
o.oo65 0.0366 O,Oo69 0.0382 0.0150 0.0792 
o.o 0.0001 o.o 0.0001 0,0001 0.0004 
0,0065 0.0366 0.0069 0.0382 0.0151 0.0792 
Table 14. · Volume and base area required for items requiring storage at -6°c - 18°c, 
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Graph.6. Cooking and eating uten~iJs. 
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Public 
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Public 
sec tor 
Private 
sector 
Frequency_ 
of use 
l - 3 
4 
Total 
l - 3 
4 
Total 
' 
Frequency 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
---
Number of items Base area With separation Index Height With. separation index 
·Mean S .D. Mean (m2) · S.D. .Mean .(m2) S.D. Mean (in) S.D. _. Mean ·(m) S.D. 
. 
64.37 39.97 2.353 1.420 2.588 1.558 0.084 0.177 0,218 0.422 
9.47 15.82 0.265 0.422 0.294 0.465 0.103 0.362 0,257 0.827 
73.84 . 47.25 2.618 1.606 2.882 1.765 0,086 0.210 0.223 0.493 
61.62 40.67 2.451 1.413 2.695 1.553 0,089 - 0,167 0,228 0.406 
5.90 11.00 0.198 0.329. 0,219 0,362 0.103 0.248 0.256 0.575 
. 
67.52 44·45 2.649 . 1.516 2.93 1.667 0,090 0.176 0,231 0.423 
Volume Volume with·base separation Volume·_with base and vertical separation 
Mean (m3) S. D. Mean(m3) S. D. Mean (m3) 
0,227 0.213 0,248 0.226 0,627 
0.027 0.085 0.030 0.091 0.074 
0.254 0.241 0.278 0.257 0.701 
0.219 0.134 0.241 0,147 0,618 
0.016 0.027 0.018 0.030 0.047 
0.235 0,141 0.259 0.155 0,665 
Table 15, Volume & base area required for storage of items associated with 
food preparation, serving. and eating. 
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Graph 7, Drawer storage, 
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Public 
sector 
Private 
Sector 
Public 
sec tor 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 
- 3 
4 
Total 
' 
Frequency 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
Number of items Base area With separation Index Height 
Mean. S.D. Mean (m2)· S.D. . Mean(m2) S.D. Mea·n (m) S. D. 
' 
45.89 31.14 0.892 1.868 1.068 1.938 0.036 o.135 
' 
2.02 5.54 o.on 0.624 0.086 0.642 0.040 0.088 
47·90 32.94 0.970 2.092 1.154 2.171 0.036 0.133 
42.74 38.06 0.613 0.633 0.774 0.758 0.037 0.037 
1.69 4.17 0,027 0.065 0.033 0.078 0.040 0.040 
44·43 39.86 0,640 0.659 0.807 0.790 0.037 0.037 
Vojume Volume with·base separation 
Hean(m ) S. D. He an (1113) S .D. 
0.040 0.220 0.045 0.228 
0.001 0.004 0.002 0.005 
0.041 0.220 0.047 0.228 
0.028 o.o26 0.034 0.029 
0.002 0.004 0.002 0.004 
0.030 0.027 0.036 0.031 
Table 16. Volume & base area required for items associated with drawer storage. 
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Public 
sector 
Private 
Sector 
Public 
sector 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
' 
Frequency 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
-
Number of items Base area 1Hth separation Index Height With. separation index 
. Mean S.D. Mean (m2) S.D. Mean (m2) S.D. Mean (m) S. D • Nean ·(m) S.D. 
23.24 26.20 0.573 0.850 0.647 0.926 0.159 0.603 0.369 1.262 
2.44 4.62 0.045 0.149 0,052 0.162 0.132 0.273 0.315 0.588 
25.68 27.51 0,618 0.872 0.698 0.951 0.157 0.579 0.364 1.213 
15.44 20.47 0.312 0.430 0.356 0.485 0.152 . 0.329 0.354 0.715 
1.17 3.64 0,020 0.104 0.236 0.117 0,094 0,199 0.239 0.275 
16.61 23.04 0.332 0.497 0.380 0.562 0.148 0.319 0.346 0.693 
·Volume Volume with·base separation Volume· .with base and· vertical separation 
Mean (m3) S.D. Mean(m3) S.D. Mean (m3) _s, D. 
0.178 0.492 0.198 . 0.522 0.428 1.072 
0,007 0.034 0,008 0.036 0,019 0.079 
0.186 0.493 0.206 0.523 0.448 1.075 
0.074 0.114 0.083 0.127 0.184 0.274 
0.001 0,004 0.002 0.004 0.004 0.013 
0.075 ·0.115 0.084 0.128 0.188 0.277 
Table 17. Volume & base area of contents of cleaning cupboard. 
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Public 
sector 
Private 
Sector 
Public 
sector 
Private 
sector 
Frequency_ 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
' 
Frequency 
of use 
1 - 3 
4 
Total 
1 - 3 
4 
Total 
.-
Number of items Base area Hith separation Index Height With separation index · 
Mean S, D. Mean (m2) · S .D. .Mean. (m2) s.n. Mea·n (in) s.n. Hean ·(m) s.n. 
' 
193.8 101.1 4.438 ·3.119 5.039 3.403 0.093 0.266 0.208 0.569 
23.57 28.81 0.442 0.872 0.502 0,936 0.103 0.256 0.246 0.582 
217.4 116.3 4.880 3.543 5.541 3.863 0.094 0.265 o. 212 0.571 
217.9 120.8 4.333 2.367 4.969 2.711 0.097 0.186 0,220 0.428 
28.5 35.24 0.375 0.548 0.438 0,622 0.103 0.176 . 0.249 0.406 
246.4 140.4 4. 709 . 2.670 5.407 3.o63 . 0.097 0.185 0,223 0.426 
.. 
Volume Volume with·base separation Volume~ .. with base .and vertical separation 
Hean(m3) s.n. 
·• 
Mean .(m3) S.D. Hean . (m3) .S.D. 
0,523 0,615 0.584 0,655 1.279 1.281 
0.042 0.104 0.047 0.112 ' 0.113 0.243 
. 
0.565 0.653 0.632 0,697 1.392 1.335 
0.437 0.251 0.496 0,282 1.138 . 0,621 
0.033 0.046 0.039 0.052 0.095 0.130 
0.470 . 0.269 0.535 0,304 1.233 0.676 
.. 
Table 18, . Swmnary of tables 10 - 17. 
Discussion of resu~ 
Table 18 shows the storage survey results in summary form, 
giving the mean avd standard deviation values of base area and 
volume of items associated with the kitchen. From the values 
given, it is possible to compare these volumes with the existing 
storage volume of the dwellings surveyed, and also with Parker 
Morris recommendations: 
Survey results (m3) 
Existing storage Tota.l voJ.ume of Parker Morris 
volume items without recommendations 
separation factor 3 person & 
larger dwellinl!. 
mean. s.n. mean. s.n. 
Public sector 2.06 1.34 .565 .653 
2.3 
Private sector 1.98 1.0 .470 .269 
Taking the mean values of volume of items and the existing 
volume of storage, the Parker Morris recommendations would appear 
adequate. However, these item volumes make no allowance for access 
or the overall range of items found in the survey. This is perhaps 
reflected in the answers to Q.8 of the survey in which 53.% of the 
public sector sample and 65% of the private sector sample expressed 
dissatisfaction with their original storage facilities. It is 
therefore considered that storage design criteria should be based 
on the mean value plus three standard deviations, thus encompassing 
the requirements of virtually the whole population (as indeed any 
standard that is applicable to the whole population should do). 
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Using these criteria, the following volumes can be computed 
from the survey results: 
Survey results, total volume without separation factor (m3) 
mean 
Public sector 
Private sector 
s.n. 
.653 
.269 
mean + 3 s.n. 
2.524 
1.277 
It will be seen that the public sector figure shows close 
agreement with the Parker Morris recommendation. However, this 
volwte factor alone makes no allowance for the other factors 
suggested in the ergonomics rationale for storage. How this 
volume should be related to user requirements is described below. 
Shelf Area 
In order to store an item it is logical to :onsider the base 
area required for its storage. The rationale for access has 
already been discussed; therefore it is suggested that the 
recommended shelf area should include the separation index factor 
needed for access. Using the relevant data from table 18, the 
following shelf area is required for item storage: 
.Base area with separation index (m2) 
Mean s.n. Mean + 3 s.n. 
Pu.blic sector 
Total cats.l-4 s.541 3.863 17.130 
Private sector 
Total cats,l-4 5·407 3.063 14 .s96 
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However, a realistic recommendation should in addition 
include the separation index for items in categories 1 - 3, which 
were used once a week or more frequently, and· exclude the separa-
tion index from the base storage factor for items in category 4 
(i.e. those used once a month or less frequently). 
Shelf area reguired for cat. 1 - 3 + separation index (m2) 
Public sector 
Private sector 
Mean 
5.039 
4.969 
S .D. Mean + 3 s.n. 
15.25 
13.10 
Shelf area reguired for cat. 4 items (no separation index) (m2) 
Public sector 
Private sector 
.442 
·375 
.872 
.548 
3.06 
2.02-
It will be noted that the private sector base area require-
ment shows a greater increase than the public sector When one 
considers the basic volume requirements. This is because of 
the greater number of items stored by the private sector. 
Table 19 shows how the total storage requirement is made up 
of the eight groups of stored items. Although the sum of the 
means of these 8 groups is equal to the sum of the means shown in 
table 18, it should be noted that: 
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+ 3 ~-) 
~ = 
.a 
( l: xi ) 
i=l 
+ 
where T = subscript for total data. 
The values in table 18, together with the 3 S.D. allowances, 
will cater for the total overall storage requirement. Storage 
group values, however,.will vary according to individual require-
ments, i.e. one household may have a large amount of canned 
goods and very little dry goods, and another household may have 
no canned goods and a large amount of dry goods. 
Table 19. Summary of volume and base area of stored items by 
group classifications. 
Volume without Base area 
separation factor 
~m3~ 
including separatiLn 
index ~m2~ 
Canned goods{Table 10) Frequency Mean s.n. Mean + Mean S.D. Mean+ of use 3 s.n. 3 s.n. 
Public 1 - 3 .007 .009 .034 .090 .108 .414 
sector 4 .002 .003 .o ll .024 .045 .· .159 
Total .009 .010 .039 .115 .133 .514 
Private 1 - 3 .010 .010 .040 .133 .134 .535 
sector 4 .004 .007 .025 .o6q ,095·· .345 
Total .014 .014 . .056. .193 .178 .727 
Drl:: !lloods {Table 11) 
Public 1 - 3 .043 .032 .139 .367 .234 1.069 
sector 4 .004 .oo6 .022 .043 .060 .223 
Total .047 .034 .149 .410 .264 1.202 
Private 1 - 3 .070 .039 .187 .636 .383 1.785 
sector 4 .010 .020 .070 .099 .162 .585 
Total .080 .047 .221 .734 .456 2.102 
Semi-Eerishable !lloods 
(Table 12) 
Public 1 - 3 .007 .006 .025 .110 ,081 .353 
sector 4 .001 .001 .004 .003 .016 .051 Total ,008 .oo6 ,026 .113 .084 .365 
Private 1 - 3 .011 .008 .035 .152 .106 ·470 
sector 4 .001 .001 .004 .002 .006 .020 
Total .011 .008 ,035 .154 .107 
·475 
.-lf\6-
Volume without Base area 
separation factor 
{m3l 
including separation 
index (m2) 
Frequency Mean s.n. Mean + Mean s.n. Mean + 
of use 3 s.n. 3 s.n. 
+6°0 - +12°0 (Table 13) 
Public 1 - 3 .019 .028 .103 .163 .140 .583 4 0 .0003 .0009 .0002 .0032 .0098 sector Total .019 .028 .103 .163 .140 .583 
Private 1 - 3 .018 .017 .069 .200 .119 .557 4 0 .0005 .0015 .0017 .0098 .0311 sector Total .018 .017 .• 069 .~2 0.118 .557 
-6°0 - -18°0 (Table 14) 
Public 1 - 3 .0012 .0138 .0426 .006 .026 .084 4 0 .0001 .0003 0 .003. .009 sector Total ,0012 .0138 .0426 .006 .026 .084 
Private 1 - 3 .0065 .0366 .1163 .024 .058 .198 4 0 .0001 .0003 .001 ,003 .010 sector Total .0065 .0366 .1163 .024 .058 .198 
Food preparation (Table 15) 
Public 1 - 3 .227 .231 .920 2.588 1.558 7.262 4 .027 .085 • 282 .294 .465 1.689 sector Total .254 • 241 .977 2.882 1.765 8;177 
Private 1 - 3 .219 .134 .621 2.695 1.553 4.248 
sector 4 ,016 .027 .097 .219 .362 1.305 Total .235 .141 .658 2.93 1.667 7.931 
' 
Drawer Storage (Table 16) 
Public 1 - 3 .040 .220 .700 1.068 1.938 6.882 4 .001 .004 .013 .086 .642 2.012 sector Total .041 .220 .701 1.154 2.171 6.599 
Private 1 - 3 .028 .026 .106 .774 • 758 3.048 4 .002 .004 .014 .033 .078 .267 sector Total .030 .027 .111 .807 .790 ;3.177 
Cleaning EguiEment (Table 17) 
Public 1- 3 .178 .492 1.654 .647 .926 3.425 4 .007 .034 .109 .052 .162 .538 sector Total .186 .493 1.665 .698 .951 3.551 
Private 1 - 3 .074 .114 .416 .356 .485 1.811 4 .001 .004 .013 .236 .117 .587 sector Total .075 .us .420 .380 • 562 2.066 
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Before final storage recommendations can be made, ~other 
factor requires consideration. It was noted during the storage 
survey that storage facilities were frequently beyond the normal 
reach of the householders. Therefore, before the spatial allo-
cation of storage can be considered, the reach distances of its 
users must first·be considered. 
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ANTHROPOMETRY 
AND 
STORAGE 
Anthropometric Survey 
One of the points in a suggested ergonomics rationale 
for storage was that the location of storage facilities should 
be related to· the anthropometric dimensions of its users. As 
a check on this, two static anthropometric measures were 
included in the storage survey, stature and vertical reach 
(Q 13, 14 of the questionnaire), However, even without this 
data it became in~reasingly obvious on visits to dwellings during 
the course of the survey that the frequent occurrence of out of 
reach storage fitments and domestic fittings showed that either 
relevant basic data were lacking or were being misapplied. 
Current literature was therefore examined, 
The New Scottish Housing Handbook (1968) concerned 
with metric space standards presents the information concerning 
shelf height above unobstructed areas and above work tops 
in the manner shown in Fig.31, 
A request therefore was made to the compilers (Watson 
1972) for permission to see the original data, In this instance 
the publication proved to be, with the exception of the cover 
and introduction, a facsimile of the M.O,H,L,G, Space in the 
Home,Design Bulletin 6, A similar request was therefore 
repeated to its authors. It subsequently transpired (Sheppard 1972) 
that because of the lack of relevant data on the British female 
population the advice contained within the publication had been 
based on data relating to the Swedish population (Berglund 1960), 
Before examining further literature it was necessary to 
find out which anthropometric dimensions would affect storage 
accessibility. 
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Fig.31 Reach heights {New Scottish Housing Handbook), 
It is suggested that these will be, in the case of unobstructed 
access, a function of vertical reach and, in the case of storage 
above a work top, a combined function of forward and vertical 
reach, with the maximum abdominal protuberance measured in the 
sagittal plane used as the vertical datum line. These two basic 
measures and their distribution in the British female population 
would serve as guide lines for design. 
Previous Work 
A survey of ·the literature reveals two facts. The majority 
of the work is based on the male population and like the related 
smaller volume of work on women is frequently based on military 
populations who because of their degree of selection cannot be 
truly representative of the whole population. In addition the 
measures relating to this selected sample are nearly always those 
-170~ 
that have a direct bearing on milinary applications whether it 
be for cockpit design or specialised clothing. Therefore 
extrapolation of these data to civilian work place design 
is not dways .possible. The literature on the British civilian 
female population was therefore the only data looked at in 
detail. 
Quetelet (1869) albeit that his data,collected between 1835 
and 1840, were based on the Belgium population,sets a standard 
for future anthropometric inquiry. In addition to measuring 
female stature and weight on a population between the ages 13 and 
40, he also measured the force renale and force des mains, both 
of obvious importance to the employment of women in industry 
and two measures employed in subsequent surveys. However no 
measure of reach parameters was.included. Roberts (1878) also 
gives stature and weight in addition to strength tests and 
although his sample covers a greater age range, 13 - 70, no reach 
dimensions are given. Galton (1882) presented data on stature, 
weight and colours of hair and eyes. of females above 10 years of 
age, again with no indication of reach. Galton (1884) also 
recorded data on 7,000 visitors' to the Health Exhibition in London 
in 1884. These people were of both sexes between the ages of 6 and 
82. On this occasion 10 characteristics were measured: stature, 
sitting height, span of arms, weight, strength of pull, grip, 
vital capacity, visual acuity, sense of perpendicularity and 
highest audible pitch. These data have been analysed by several 
authors, the main work on the female data was undertaken by 
Pearson (1897): unfortunately he gives only mean values. However, 
one reach dimension is recorded namely span. He does however 
raise a most interesting point that there is a definite tendency 
for the female to be more variable than the male in certain 
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measures one of which was span. This he attributes in 
the main "to a relatively less severe struggle for existence". 
These observat1ons were substantiated by the data obtained by 
Pearson from a uniform source, students at Girton and Newnham. 
From the group "English family measurements" female stature 
proves less variable than male though the span still shows 
greater variability. Harris & Benedict (1919) in their biometric 
study of basal metabolism collated data on females, aged 16 to 74, and 
on their limited and selected numbers, woman would seem to be as 
regards stature absolutely (as measured by the standard deviation) 
and relatively (as measured by the co-efficient of variation) less 
variable than men. 
The point on variability is raised at this juncture to 
show that the fact of variability has been commented on in the 
pa~t albeit in the instances quoted more as a source of academic 
polemics on anthropometric differences between the sexes than as 
an indicator of work place design. Cripps (1924) reported on the 
application of Air Force physical efficiency tests to men and 
women, and gives the stature and sitting height of 241 women 
students of the South-Western Physical Training School, 125 civil 
servants at Somerset House and 115 students at Bedford College. 
Although this was a rather selective sample the inclusion of 
sitting height as one of the measurements is worth noting. 
Cathcart et al. (1927) made a major contribution to our 
understanding of the needs of the working female population in 
their report "The physique of women in industry". As the 
introductory paragraph states:-
"In spite of the age-long participation of women in all 
varieties of work, in spite indeed of the fact that in many of 
the more primitive societies woman was·the worker and bearer of 
burdens, but little real interest has e~been taken in her physique. 
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Despite the many so-called contriQutions to the elucidation of 
the problem of women 1s capacity as a worker, there are very few 
anthropometric data available which will permit of a reasoned 
finding. Even for such elemental measurements as those of 
height and weight, the amount of material is strikingly small 
as compared with the masses of figures relating to males and 
young children of both sexes." 
The polemic nature of the discussion on female variability 
already outlined (Galton, Pearson op,cit,) and the reason the 
latter posited for it ("a relatively less severe struggle 
for existence") is put in a true social context by Cathcart (op, 
cit.) when speaking of the employment of female labour in a 
chemical works in Glasgow:-
"In the chemical works 40 girls were employed, all 
doing navvy work, their hours were from 6 a.m. to 6 p.m. with 
two hours off for meals. All the women and girls worked with 
ease and bare-footed. The movements involved seemed to be of a 
type which ensured muscular development and poise as without 
~ception their carriage and physique was literally remarkable. 
We were told that the mothers and grandmothers of many of the 
women employed had done the same work before them. No girls 
were taken on under sixteen and, astonishing as it may seem, 
they were drawn from the district immediately surrounding the 
factory, one of tha worst in Glasgow. As evidence of what these 
workers were capable of we saw one woman who shovelled 20 - 25 
tons of crude borite per day lifting it to a height of about 
2 feet 6 inches. Five girls who shovelled crystals from 
evaporating pans into trucks, which, after filling, they 
wheeled for a considerable distance along very imperfect rails, 
had an average combined output per group of 6 tons per day." 
In addition to the usual measures of stature and weight, 
Cathcart also measured erip (hand), crush (arms), length of arm 
(axilla to finger tips) and distance of finger tips from ground. 
The last two measures could clearly be used as basic data for 
work place design. The comfortable height of a working bench for 
standing work also received consideration. By using their measure 
of finger tip to ground and adding Pearson's (op. ciL) data for 
length of forearm they calculated the elbow height for the average 
woman in industry :t:o be 39.9 inches1 this figure agreed well 
with data of Legros & Weston (1926) who gave a figure of 39.5 
inches based on a sample of 200 girls, 
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As considerable controversy still exists over standing 
work top heights it is of interest to quote Cathcart's views. 
"As the working place for comfort should be below the 
elbow height - the arm inclined downwards at an angle of 15 to 
20 degrees,i.e.,a drop of the fingers from elbow level of about 
4 inches, is comfortable - it follows that the theoretical 
height of the working bench for the average woman should be 
about 36 inches high. Bttt as the majority of workers use shoes 
with heels varying between one and one and a half inches high 
this additional elevation must be allowed for so that the actual 
bench height should be one of about 37 inches". 
As will be seen from Table 20 stature is one anthropometric 
dimension that has shown stability if not an increase with time 
and the correlation between finger tip distance and stature shows 
a marked interdependente as Cathcart's data shows:-
Correlation Co-efficients (r) in Total groups 
Variable Total factory Total unemployed Total College 
3,076 413 460 
Height/finger +. 778 + 0.005 +.816 + 0.011 +.742 + 0.014 
-tip distance 
When this is backed by other evidence reviewed by Drillis 
(1963) and latterly by Ward (1971) silent witness is given to the 
lack of communication between science, technology and manufacturing 
standards when B.S.I. (1972) recommend a height of 36 inches, 
Prizeman (1971) a height of 32 inches and B.S.I./I.S.O. (1973) 
a height of 90 cm (35.4 inches) for kitchen work top heights. 
Unfortunately no forward or upward reach dimensions were 
given by Cathcart. In the years intervening between his study and 
that of Kemsley (1957) there is a dearth of detailed anthropometric 
studies on the British adult female, w1th the exception of the 
Ministry of Food survey (Kemsley 1950) carried out in 1943 which 
was limited to weight and stature and other data similarly relating 
to weight and stature gathered from students' medical record cards 
(Bailey 1951, Grant & Hitchens 1953). 
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No. in Mean height Mean Weight 
Source Sample Age cm. S.D. Kilos . S.D. 
Quetelet (1869) 18-40 157.42 53.84 
based on data 
collected (1835-40) 
Roberts (1878) 18-70 158,81 
18-39 53.50 
Galton's data used 770 23-51 160.7 6.10 
I by Pearson (1897) 
.... 
..... 
.., 
I 
Cambridge data used 135 19-30 162.0 6.15 57.4 6. 35 
by Pears on (1897) 
(1) 
"English family 1000 65 '159.90 6.44 
measures" Pearson (1897) 276 23-26 55.34 4. 60 
(1) 
Harris & Benedict (1919) 103 16-74 161.96 5.19 56.48 5.21 
(1) 
Table 20. Summary of Anthropometric data relating to Female Stature and Weight. 
Source No. in sample Age Mean height cm. S.D. Mean weight kilos s.n. 
Cripps ( 1924 
Polytechnic students 226 18 - 23 164.54 4.02 56.42 5.42 
Civil Servants 125 18 - 34 159.92 5.90 53.18 7.67 
Bedford College students 71 19 - 23 163.63 6.41 53.41 7. 39 
(1) 
Anthropometric Committee 7400 159.2 55.8 
of British Association 
I 
(1882) 
.... (1) ..., 
"' I 
Cathcart (1927) 
Women engaged in industry 3076 14 - 55 157.32 5.99 49.67 7.71 
Unemployed women 413 19 - 55 152.16 7.07 49.60 8.88 
College women 460 18 - 23 160.9 7 5.26 53.01 7.45 
(1) 
mean age 
Kemsley (1950) 1376 19.5 158.14 5.94 52.48 6.90 
Industrial workers 1284 20.5 158.55 5.87 53.52 7.62 
(1) 
Table 20. continued. 
Source No. in Sample Age Mean Height cm. S.D. Mean Weight kilos •. s.n. 
Bailey (1951 271 19.3 165.05 6.35 60.42 8.11 
Cambridge Students 
(3) 
Grant & Hitchens (1953) 835 19.6 162.31 6.10 57.88 7.71 
University of Wales 
Students 
(3) 
I 
.... (1957) -..1 Kemsley 4995 18 - 64 160.07 6.29 60.24 10.18 
-..1 
I (2) 
This survey 7187 18 - 80 162.63 6.61 59.74 8,53 
(3) 
(1) Nude weight or allowance made for clothing. 
(2) Semi clothed, 
(3) No allowance made for clothing, 
Table 20 continued, 
The data gathered and analysed by Kemsley (1957) were 
intended specifically for the womens' clothing industry as 
the measures taken (illustrated in Figs.32 and 33 ) indicate. 
Little further detailed study of female anthropometry was 
undertaken during this period. 
From even this brief survey one fact becomes increasingly 
obvious; the mean value of stature and other anthropometric 
parameters is the one that is used as the datum of design 
criteria for the civilian population with possibly the exception 
of the clothing industry. Even the academic discussions outlined 
by Morant (1950), true though they may be, (they relate to the 
arithmetic mean being a func.tion of the social status and the 
age of the population examined), the ergonomic interest in 
anthrol'ometry lies in the fact that the population is different 
regardless of the reason for it being so. However, even }'or ant 
(1958) appreciates the practical application of the academic 
data bank. 
"Physical anthropology is concerned with differences 
between the body characters of groups of people 
The general aim here is to provide surroundings for the 
people which will mean that they are suited as well as 
possible." - - - - what he does in serving such utilitarian 
ends may be called practical anthropon:etry, 11 
By the use of the word 'utilitarian' Morant correctly 
identifies the importance which applied anthropometry has in the 
past b<,en given by the anthropologist, and serves to indicate why 
so much of the data necessary for design application are lacking. 
In recent years a more practical attitude has been 
taken towards the collection and use of anthropometric data. 
Roberts (1960) and Jones, et al. (1964) have undertaken 
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@ 
ANTHROPOMETRIC 
SURVEY 
studies on the anthropometry of elderly women. Roberts 
(op. cit.) stresses "the need for such information for 
applying ergonomic principles to designing for the elderly" 
(see Ward & Kirk (1967) for a comparison between the two 
studies). These together with other studies (Sainsbury, 1970, 
Walter, 1968) on the needs of the disabled have served to show 
the extent of the range that design for the whole population 
must encompass. 
It can thus be seen that, despite the volume of 
anthropometric data available, data on the specific measures 
required were either lacking or limited to small samples or 
specific groups within the population. Therefore to provide 
these basic data a survey was undertaken·. 
Anthropometric Survey 
Introduction 
The aim of the survey was to obtain data from' as large 
a selection of the British adult female of all ages as possible 
within the constraints of time and finance available. 
Measurements taken 
Five measurements were taken:-
a) Stature 
b) Weight 
c) Elbow height 
d) Forward reach 
e) Vertical reach 
(d) and (e) forward and vertical reach are of obvious relevance 
to the accessability of storage. (c) elbow height was included 
because of its importance to work top height. (a) and (b) stature 
and weight were included for general anthropological comparison 
with ex~ing data. 
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Organisation 
Initially a number of organisations and institutions 
such as Schools of Nursing, Medical Schools, Womens' Colleges 
and Schools of Architecture and Womens' organisations were 
approached and asked for their support in the task of data 
collection. Once this was assured the precise methodology 
to be employed was devised, 
Method 
Stature and Weight: 
All the organisations contacted were already in possession 
of or had access to a stadiometer and body weighing scales. 
These two measures were therefore the most easily obtained. 
Elbow height, Vertical reach and Forward reach: 
The traditional method of recording these measures is by the 
use of an anthropometer though Morant (1958) Jones et, al. 
(op, cit,) had used boards marked with one inch grids and set at 
right angles to each other (Morant boards). In these instances 
it was possible to bring the subjects to the measuring apparatus. 
In the proposed survey this type of single laboratory situation 
was not envisaged and therefore measuring apparatus that could 
be produced both cheaply and in quantity was required. 
Measuring Charts 
In order to supply all the organisations that were willing 
to participate in the survey, three full size measuring charts 
relating to elbow height, vertical reach and forward reach, 
were drawn on tracing paper and then reproduced by dyeline 
process. Illustrations of these are shown in Fig. 34, 
Before large scale production of the charts was undertaken, 
the accuracy of transfer was measured; this was.!. 0,1 Cl!), and 
therefore regarded as satisfactory. Illustrated instructions 
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detailing the measurement technique to be employed and data 
recording forms were also produced and sent with each set of 
measuring charts (Appendix C ). As an additional check, 
illustrated instructions concerning the placing of the 
measuring charts were also printed on each chart. 
Measurement datum line 
Elbow height and vertical reach: 
For these two measures the floor was used as the datum 
line. 
Forward Reach: 
Previous work on forward reach has been concerned with 
what Morant (op. cit.) and Clauser (1972) call an "overall 
protective length" i.e. the subject was positioned in a corner 
with both shoulders against the back wall with the arm(s) 
extended forward, the measure was then taken from the baek 
wall to the tip of the tip of the finger, tip of thumb 
etc. (Fig. 35 ) • Therefore, unless the width of the' body 
taken in the sagittal plane was known the actual reach distance 
over a structure such as a work bench would be difficult to 
calculate. To avoid this source of error the subject was 
positioned against the edge of a vertical surface such as a 
door and the measure taken from this vertical line. (Appendix D ). 
Treatment of Data 
It will be seen from the Anthropometric Data recording sheet, 
(Appendix C ) , that each sheet contained sufficient space to 
record data on a maximum of 18 subjects. As the data returns were 
received, each sheet was coded for subsequent identification. 
The data were then manually checked for omission of any of the 
five measures or obvious recording errors. (Where the data on 
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Subject stands erect in a corner looking straight ahead, both shoulders against the 
back wall, right arm horizontul and held against the scale mounted on the side wall. 
·.The thumb is extended and parallel to the long axis of the arm. The tip of the iQdex 
finger touches the pad of the extended thumb. With the block, measure on the wall 
scale the horizontal distance from.the back wan· to the tip of the thumb. · · 
Fig.35 Overall protective length (Clauser 1972) 
any one subject were incomplete these data were subsequently 
disregarded), Following this preliminary screening the data were 
transferred to punch cards. 
Consistency of Measures 
The advice of Gavan (1950) concerning the consistency of 
anthropometric measures had already been noted before the 
measurement methodology employed was adopted and this it must be 
admitted was the main cause of concern because with the number of 
measuring teams. employed the reliability of the measurements taken 
could be open to question1 Gavan's (op. cit.) 
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study was based on 62 measurements and many of these involved 
a subjective location of surface anatomical landmarks and a 
similar estimation when the compression of subcutaneous tissue 
was involved in the measure, He does, however, add that 
relative consistency can be obtained when the subject can be 
properly positioned for a measure such as stature or sitting 
height etc. where the measure is not so dependent on the 
positioning of the measuring apparatus on the subject. These 
in effect were the types of data and measures required from 
the survey. However, as an additional check observations were 
kept and measures duplicated on ·three hundred subjects 
during the course of the survey. Using this data it was 
possible to compute the mean and standard deviations of the 
three measures on which previous data were lacking, viz: vertical 
reach, forward reach and elbow height. The initial screening 
programme was set with the mean and ~ three standard deviations 
of each measurement computed from the data obtained on the 300 
subjects. Any subsequent data falling beyond these boundaries 
were rejected for manual checking. Re-acceptance of these 
data was dependent upon the inter-correlation values of all five 
measures on an individual subject falling within or being the 
same as the inter-correlation values for the complete sample. 
Additionally these data accepted.initially formed a 
cumulative index against which the data on each recording sheet 
(18 subjects) was checked. Again, data failing to meet both 
the pre-set and cumulative index were· rejected. Where the 
reason for rejection was an obvious transcription error, this 
was corrected and returned for inclusion in the analysis. 
Where obvious measurement errors had occurred, the complete 
data set was rejected, 
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A further programme generated histograms for the complete 
data divided into 80 classes according to its percentile 
distribution. As an additional analysis the product moment 
correlation coefficient and regression equations were calculated 
between all combinations of pairs of variables for each age 
group and combined age groups. As a further check the standard 
error for each regression equation was calculated. Making use 
of the regression equations the predicted values of all five 
variables were calculated. Again any values falling beyond 
~ 3 S.D. were checked manually and where possible corrected 
where transcription errors occurred. The complete results 
of the survey are given in Appendix ~ The fact of variability 
in female span has already been commented on. This was reflected 
in the survey data for vertical and forward reach (Tables 21 
and 22.), In the design context the percentile distribution 
of the two measures is of greater importance •. However, in order 
to present the percentile distribution in such a way that 
designers and manufacturers will consider it worthwhile to 
cater for variation and not base design on compromise values 
such as the mean, one must consider the numbers of the population 
represented by the percentile distribution. By making use of 
1971 census figures, the number of women between 18 and 80 
in Great Britain in each class is shown in Table· 23. 
From this it will be readily appreciated that if one is 
to erect a shelf at a height based on the mean vertical reach 
height (202.6 cm.) of the adult female population, this will be 
above the reach of some 12,000,000 adult females. Therefore, 
not only does the need for flexibility of design become 
obvious, but also the need to base design, in this instance 
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Number in Standard 
A~e Sample Mean Deviation Range 
18 1689 203.27 8.94 174.0-231.5 
19 1487 204.27 8.37 . 172.0-231.0 
20 1017 204.47 8.56 179.5-230.0 
21 358 203.76 ·9.22 177.5-227.0 
22 157 202.83 9.15 181.5- 224.0 
23 140 200.60 8.86 177.5-221.0 
24 92 200.40 8.45 178.0 - 21 8.0 
25 92 200.22 8.93 173.0-220.0 
26-30 294 202.82 9.88 175.0- 230.0 
31-35 285 202.24 9.21 177.0-222.5 
36-40 353 201.60 9.30 173.0- 231.0 
41-45 330 200.98 10.06 176.0- 231.0 
46-50 268 200.30 9.37 177.0 - 224.5 
51-55 209 198.79 8.44 172.0-219.5 
56-60 152 197.90 9.97 '172.5- 231.5 . 
61-65 140 196.41 9.46 175.0- 218.0 
66-70 71 196.08 10.07 173.0 - 215.0 
71 .:.__ 75 31 192.29 10.23 173.0- 212.0 
76+ 22 184.84 9.48 171:5- 208.5 
All ages 7187 202.62 9.25 171.5-231.5 
Table 21. Statistical values for vertical reach 
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Number in Standard 
Age Samp!e Mean Deviation Range 
18 1689 61.07 5.45 44.5-78.0 
19 1487 61.04 5.07 42.5-76.5 
20 1017 . 61.80 5.21 43.0-77.0 
21 358 60.75 5.42 44.5-76.5 
22 157 60.32 5.51 47.0-77.0 
23 140 60.03 5.24 46.0-74.0 
24 92 59.95 4.93 46.0-76.0 
25 92 59.29 5.05 47.5 ~ 76.5 
26-30 294 59.69 5.65 46.0-79.0 
31-35 285 59.93 4.88 44.0-75.0 
36-40 353 60.00 5.29 47.0-77.0 
41-45 330 59.20. 5.88 45.0-77.0 
46-50 268 59.15 5.81 45.0-77.0 
51-55 209 59.22 6.02 44.5-77.5 
56-60 152 57.37 5.68 45.5-76.0 
61-65 140 58.37 6.51 45.0-77.0 
66-70 71 56.65 6.16 45.5-76.5 
71-75 31 57.32 5.88 47.5-74.0 
76+ 22 53.09 7.73 42.0-75.0 
All ages 7187 60.50 5.52 42.0-79.0 
Table 22, Statistical values for forward reach 
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Table 23, Numbers of British adult females represented by percentile distribution 
Elbow Vertical Forward Population covered by Population covered by Population included 
ht. Reach Reach percentile value & below percentile value & above in percentile group 
(cm.) 
Total pop. 27,698,06 7 
99th 112.5 222,5 74,7 27,421,086 276,980 276,980 
9 7. 5th 110.5 220.5 72.2 27,005,615 692,451 692,452 
95th 109.5 217.5 70,2 26.313,163 1,384,903 1,384,903 
90th 107.5 214.5 68.2 24,928,260 2,769,806 2. 769.807 
I 
..... 
\0 80th 105.5 211,5 65.2 22,158,453 5,539,613 2. 769.807 0 
I 
70th 103.5 208.5 63.2 19,388,646 8,309,420 2, 769,807 
60th 102.5 205.5 62.2 16,618,840 11,079,226 2. 769,807 
50th 101.5 203.5 60.2 13,849,033 13,849,033 2,769,807 
40th 100.5 200,5 59.2 11,079,226 16,618,840 2,769,807 
30th 98.5 198.5 57.7 8,309,420 19.388,646 2. 769.807 
20th 97.5 195.5 56.2 5,539,613 22,158,453 2,769,807 
lOth 95.5 191.5 53.7 2,769,806 24,928 260 1,384,903 
• 
5th 93.5 187.5 52.2 1,384,903 26,313,163 692,452 
2.5th 91.5 184.5 50.3 692,451 27,005,615 415,471 
1st 88.5 180.5 48.2 276,980 27,421,086 276,980 
vertical reach upon the characteristics of the lowest part of 
the percentile distribution. 
It will be seen from Tables 21 and22 that'there is riot only 
a variation about the means of each measure in each age group 
but also each reach parameter is inversely proportional to age. 
The latter presumably is a function of decreasing mobility. 
The problem therefore can be stated in two forms: there is a 
variation in static reach within any one age group of the 
population and this static dimension decreases with age. 
As the static dimensions were obtained in order to assess the 
range likely to be encountered, it becomes important, if one 
considers these data as basic to work place design, to carry 
out a complementary study to obtain dynamic measures in order 
to assess the changes in functional reach with age. 
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FUNCTIONAL 
ANTHROPOMETRY 
EXPERIMENT 
Functional Anthropometry experiment 
Introduction 
The range of static reach dimensions and elbow heights of the 
British female population has been given in the previous section 
(Table 23), and comment has been made on the selection of one work-
top height standard to suit the raverage womanr, The existing 
recommendations for shelf positioning, again to suit the raverager 
woman, has also been illustrated (Fig. 31), 
The fallacy of designing for the 'average woman' is most 
easily seen in the example of accessibility of storage above the 
worktop. If one considers the percentile distribution in terms 
of numbers of the population, a shelf placed at the maximum reach 
distance for women representative of the mean of the reach distri-
bution must by definition be too high for women in the lower half 
of the distribution, which in the case of the Brit;ish adult female 
comprises approximately 13,500,000 women. Yet currently both the 
recommended worktop height and therefore, as the separation between 
the worktop and the above worktop cupboard is also a standard 
dimension\accessibility of above worktop storage will be governed 
directly by the relationship of this fixed standard to the range 
of functional reach dimensions of the population. The existing 
standard B.S,I. B.S, 4011 for the standard range of kitchen fit-
ments is shown below: 
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Fig. 36. Standard dimensions for kitchen fitments. (nun.) 
The survey of static reach dimensions (Appendix D) has shown 
the range of two reach dimensions, vertical and forward, in the 
female population. In order to ascertain how these would determine 
the accessibility of storage designed around one vertical and hori-
zontal standard, it was decided to carry out an experiment to deter-
mine the maximum functional reach capabilities of the population, 
both above and below a 900 mm worktop. 
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Method 
Subjects 
Consider first storage above a worktop;. that part of the 
population which would pave greatest difficulty in reaching 
shelves placed at a height suitable for the •average woman' would 
be represented by the lower part·of the percentile distribution 
for vertical reach. Secondly, the greatest difficulty in gaining 
access to below worktop storage is likely to be experienced by the 
upper part of the percentile distribution for stature. Subjects 
therefore were selected from the 30th percentile range of stature 
and below, and the 70th percentile range and above. Ideally, 
subjects for the first group would have been selected for their 
vertical reach dimensions but, as the correlation coefficient for 
vertical reach and height was shown by the survey of static dimen-
sions to have a value of r = .837, it was considered suitable to 
base initial selection of the sample on stature, Which is a more 
readily known dimension. A total of 61 subjects took part in 
the experiment. Their ages, stature, weight and static reach 
dimensions are shown in Table 24. 
Apparatus 
The apparatus (Fig. 37) was constructed to enable measure-
ments to be taken of functional reach over and beneath 900 DDil high, 
600 mm wide worktop. It consisted of a shelf (width 30.0 cm, length 
50 cm) which was adjustable in height from 90 cm - 220 cm, and two 
base units. By removal of the worktop extension in front of the 
adjustable shelf (Fig. 38), reach height above an unobstructed area 
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Fig 38. Apparatus used in functional 
anthropometry experiment. 
Worktop extension removed. 
-195-
Fig 37. Apparatus used in functional 
·anthropometry experiment. 
Worktop extension in place. 
Static Reach · 
SUBJECT AGE FORWARD VERTICAL STATURE WEIGHT 
cm, cm. cm. kilos 
16 73 39.0 166.0 140.8 60,0 
29 72 46.0 173.0 143.5 49.5 
41 65 48.0 177.0 145.5 . 54·5 
22 44 51.0 180.0 146.0 53.5 
42 83 45.5 188.0 147.0 51.0 
46 68 42.5 179.0 147.0 64.0 
39 45 45.0 184.0 148.5 53.5 
32 55 41.5 184.5 148.6 46.5 
18 33 50.0 187.5 149.5 40.0 
28 80 43.0 187.0 150.0 57.0 
19 65 so.o 181.0 150.5 49.0 
43 46 52.5 186.0 150.9 47·5 
47 34 48.0 186.0 151.5 57.5 
24 74 45.0 182.0 152.0 51.0 
1 24 ss.s 187.5 153.0 52.0 
13 30 54.5 190.0 153.5 50.0 
14 47 51.0 195.0 153.8 55.0 
12 20 53.0 189.5 153.9 51.5 
17 63 ss.o 191.0 154.5 52.0 
25 29 49.0 191.5 154.5 53.5 
9 45 53.5 191.0 154.5 ss.o 
45 26 so.o 195.0 155.5 52.5 
6 23 52.0 193.0 156.0 so.o 
8 24 62.0 197.0 156.2 53.0 
3 20 62.0 199.0 157.0 46.0 
21 21 48.0 188.0 157.0 70.5 
31 44 so.o 196.0 157.5 63.5 
27 20 56.0 193.0 157·9 42.5 
5 19 57.0 190.0 158.0 50.0 
7 25 53.0 197.0 159.0 50,0 
2 35 55.5 201.0 160.6 85.0 
53 37 56.5 205.5 166.8 56.5 
58 35 61.0 210.0 168.8 65.0 
so 28 61.5 213.0 170:6 70.0 
48 40 56.5 216.0 171.5 67.5 
60 45 60.5 214.5 172.1 62.5 
61 73 59.5 216.0 172.2 64.0 
20 46 57.0 210.0 172.5 65.0 
38 28 60.0 214.6 172.8 59.5 
44 37 59.5 216.0 173.0 66.5 
35 26 6o.o 215.0 173.3 72.5 
56 23 59.0 213.5 173.5 69.5 
15 57 54.0 211.0 174.5 67.5 
59 28 63.5 218.0 176.0 70.0 
37 25 52.0 216.0 176.0 70.5 
26 22 56.5 215.0 176.0 76.0 
57 31 54.5 217.0 176.0 81.5 
36 19 59.0 216.0 176.5 50.0 
4 25 ss.o 208.0 176.5 58.0 
54 66 60.0 212.0 176.5 65.5 
49 34 56.5 215.0 177.5 68.0 
11 24 64.0 220.5 177.7 73.5 
10 27 61.0 221.0 178.0 73.0 
55 45 57.5 216.5 178.2 66.0 
52 35 63.0 225.0 178.5 74.5 
51 36 61.0 221.0 179.0 87.0 
30 21 60.0 220.0 179.8 87.5 
34 43 61.0 223.0 180.5 74·5 
23 27 56.0 222,0 181.0 68.0 
40 23 58.0 221.0 181.6 62.5 
33 31 55.0 225.0 183.6 88.9 
Table 24. Age, weight, stature and static reach dimensions of subjects 
used in functional reach experiment. - 196 -
Fig. 39 Base storage units used in functional anthropometry experiment. 
could also be measured. One of the base units had fixed shelves 
and the other incorporated pull-out trays (Fig, 39). The two 
types were used to allow a comparison to be made of the relative 
accessibility of the two systems. The bottom shelf, middle 
shelf and tray/drawer of both units were set at identical heights 
from the floor, namely, 24.0 cm, 52.0 cm and 77,0 cm. 
Two different objects were placed on the shelves by subjects 
during the experiment. For two handed reach, a tray was con-
structed (Fig. 40), and for one handed reach a can of beans 
(height 11.5 cm, dia. 7.5 cm, wt. 0.5 kgj was used. 
plan 
28,0 
9 '"""' E1onHoo 
(Dimensions in cm.) 
• 3•Se 
F 
• 
10.0 
• 
• 2.0 
• 
4.0 
• 
Fig. 40. Tray used in two-handed reach experiment. (wt. 1 kg.) 
The adjustable shelf and the two fixed shelves of the base 
unit were covered with a grid of metal rods which were set 2.0 cm 
apart, parallel to the length of the shelves (Figs. 39, 42), A 
simple circuit was then devised (Fig. 41) which displayed the 
horizontal location on the shelves of the objects used in the 
experiment. 
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Ocm 
2cm 
4cm 
Recording 
grid 
I 
} 
50 cm 
52 cm 
54 cm 
0 = Panel light 
Display 
panel 
I 
I {;' 
I 
Fig. 41. Recording circuit used with f).lnctional anthropometry 
apparatus. 
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Fig. 42 Object position display panel. 
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Procedure 
All measurements and experiments were carried out with 
subjects in stockinged feet and wearing indoor clothing. 
Throughout the vertical reach experiments subjects were required 
to keep their heels on the floor. In the above worktop experi-
ments, they could lean against the worktop edge. In the below 
worktop experiment, subjects could bend down or squat in a 
position they normally used for such a task, provided that a 
kneeling position was not adopted. 
Recording of results 
'lhe results of the experiments were recorded on pro formas 
(Figs. 43, 44) which had the advantage of providing both a 
record of heights and distances reached, and a profile of reach 
distances. 
Experiment 1. Two handed reach over worktop 
Subjects held the tray by the handles in a two handed grip, 
and an identical grip was then used throughout the experiment 
whenever the tray was moved. The shelf was adjusted to a height 
at which subjects could comfortably place the tray at the back 
of the shelf. The shelf was then raised by intervals of 2.0 cm; 
subjects placed and removed the tray three times at each height, 
The horizontal placement of the tray was noted at each height, 
and the mean of the three repeats recorded. The height at which 
it became impossible for the subject to place the tray at the 
back of the shelf was noted and the height interval preceding 
this was recorded as the maximum shelf utilization height (Fig.45), 
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Shelf 
height 
Subject I Age I Functional Anthropometry 
Forward reach Recording Sheet 
Elbow height (Linear dimensions in cm. 
Vertical reach Weight in kilos) 
Stature 
Weight . 
30 28 26 tl4 22 20 18 16 14 12 0 8 6 4 2 0 
. 
Functional reach depth 
Fig. 43. Functional vertical reach record~g sheet. 
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I 
N 
0 
w 
I 
Functional Anthropometry Recording Sheet 
Base Units 
(Linear dimensions in cm) 
Fixed shelf urtit 
Rt. 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 
77 ~ ~ ~ ~ ~ ~ ~ 
52 ~ ~ 
" 
24 ~ ~ ~ 
Pull out unit 
77 ~ ~ ~ ~ ~ ~ ~~ 
52 ~ ~ ~ ~ ~ ~ ~I\ ' 
28 ~ ~ ~ ~ ~ ~ ~~ 
~ ~ ~ ~ ~ ~ ~ . 77 
52 ~ ~ ~ ~ ~ ~ ~ 
28 ~ ~ ~ ~ ~ ~ ~ 
Fig. 44. Functional reach (base units) recording sheet. 
I Subject I 
26 24 22 20 18 16 14 12 10 8 6 4 2 0 
' Drawer 
Centre shelf 
Bottom shelf 
Forward reach 
Tray 
Centre basket 
Bottom shelf 
Forward reach 
' 
Tray 
Centre· basket 
Bottom shelf 
Lateral reach 
Maximum shelf utilization height 
5th percentile stature 90th percentile stature 
Finish height 
Fig 45. TWO HANDED FUNCTIONAL REACH OVER WORKTOP 
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The process of shelf raising was continued until subjects could 
no longer place the tray on the shelf. The shelf was then 
lowered until the maximum height at which it was possible for 
subjects to place the tray on the shelf with the near face of 
the tray in line with the front edge of the shelf was found 
(finish height). The finish height shelf utilisation width 
depended on the size of the object placed on the shelf. In the 
two handed experiments finish height shelf utilisation was equal 
to the width of the tray, 10. 0 cm. {Figs. 40, 45). At each 
height interval subjects removed their hands from the tray. The 
only trials recorded were those in which a subject could take up 
an identical two handed grip for the tray's removal from the 
shelf. This prevented subjects placing the tray on the shelf 
and then pushing it forward. 
Results 
Table 25 shows the maximum shelf utilization height, the 
finish height and the range of over worktop functional reach for 
each subject. The percentage of accessible storage was calcu-
lated, assuming that the adjustable shelf was part of an above 
worktop wall unit height 60 cm., width 30 cm., positioned accor-
ding to B.S. recommendations (Fig. 36). Figure 46 shows the 
relationship between shelf height utilization and stature. 
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\ 
MAX1MUM SHELF FINISH %OF 
SUBJECT AGE STATURE UTILIZATION HEIGHT RANGE ACCE:lSIBLE 
HEIGHT STORAGE 
cm, cm. cm. cm. 
16 73 140.8 90 114 24 o.oo% 
29 72 143.5 94 114 20 o.oo% 
41 65 145.5 90 126 36 0,00% 
22 44 146.0 125 149 24 9.89% 
42 83 147.0 112 146 34 12.58% 
46 68 147.0 113 141 28 2.47% 
39 45 148.5 120 156 36 23.95% 
32 55 148.6 122 150 28 11.53% 
18 33 149.5 132 152 20 18.20% 
28 80 150.0 107 151 44 13.77% 
19 65 150.5 122 128 6 o.oo% 
43 46 150.9 122 156 34 22.48% 
47 34 151.5 122 152 30 18.74% 
24 74 152.0 120 144 24 11.26% 
1 24 153.0 143 163 20 31.26% 
13 30 153.5 133 161 28 27.02% 
14 47 153.8 142 168 26 36.92% 
12 20 153.9 143 163 20 34.47% 
17 63 154.5 134 160 26 27.00% 
25 29 154.5 126 156 30 20.94% 
9 45 154.5 132 156 24 24.61% 
45 26 155.5 143 165 22 36.08% 
6 23 156.0 138 162 24 28.90% 
8 24 156.2 131 151 20 15.60% 
3 20 157.0 150 168 18 44·45% 
21 21 157.0 135 157 22 22.08% 
31 44 157.5 143 167 24 39.64% 
27 20 157.9 143 165 22 35.45% 
5 19 158.0 140 166 26 36.17% 
7 25 159.0 142 166 24 40.36% 
2 35 160.6 144 160 16 30.28% 
53 37 166.8 150 l78 28 54.45% 
58 35 168.8 146 178 32 58.35% 
so 28 170.6 145 181 36 59.01% 
48 40 171.5 147 181 34 61.08% 
60 45 172.1 154 186 32 62.60% 
61 73 172.2 150 174 24 54.87% 
20 46 172.5 150 174 24 47.86% 
38 28 172.8 150 178 28 55.86% 
44 37 173.0 153 181 28 60.63% 
35 26 173.3 150 188 38 72.64% 
56 23 173.5 153 187 34 64.16% 
15 57 174.5 151 173 22 53.98% 
59 28 176.0 151 191 40 70.33% 
37 25 176.0 156 182 26 63.21% 
26 22 176.0 162 190 28 74.51% 
57 31 176.0 150 180 30 57.09% 
36 19 176.5 154 188 34 69.07% 
4 25 176.5 159 187 28 62.70% 
54 66 176.5 151 183 32 67.24% 
49 34 177.5 165 189 24 74.14% 
11 24 177.7 165 187 22 74.38% 
10 27 178.0 169 187 18 72.48% 
55 45 178.2 161 195 34 80.35% 
52 35 178.5 162 190 28 75.24% . 
51 36 179.0 164 188 24 76.24% 
30 21 179.8 166 196 30 83.27% 
34 43 180.5 156 184 28 69.44% 
23 27 181.0 168 182 14 73.02% 
40 23 181.6 172 198 26 87.82% 
33 31 183.6 172 188 16 78.98% 
Table 25. Two handed functional reach over worktop. - 206 -
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Experiment 2. Two handed reach above unobstructed area 
The worktop extension in front of the adjustable shelf was 
removed (Fig. 47) and subjects were allowed to position themselves 
at a convenient distance in front of the shelf. The methodology 
employed for this experiment was the same as in experiment 1, with 
the exception that the tray was held in front of the body during 
the rest position. 
Results 
Table 26 shows the maximum shelf utilization height and the 
finish height (shelf utilisation 10.0 cm,), Figure 48 shows the 
relationship between stature and shelf height. 
-209-
', 
Maximum shelf utilization height 
5th percentile stature 90th percentile stature 
------
--- , W"" .,_w•'~''"''. 
Finish height 
Fig 47. TWO HANDED FUNCTIONAL REACH ABOVE UNOBSTRUCTED AREA. 
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SUBJECT AGE STATURE MAXIMUM SHELF FINISH HEJ:GIIT 
UTILIZATION HEJ:GIIT SHELF UTILIZATION 
cm. cm. cm. (lO.Ocm) 
16 73 140.8 108 150 
29 72 143.5 ll9 137 
41 65 145.5 122 144 
22 44 146.0 131 159 
42 83 147.0 ll2 148 
46 68 147.0 116 146 
39 45 148.5 122 166 
32 55 148.6 132 160 
18 33 149.5 134 163 
28 80 150.0 128 164 
19 65 150.5 137 160 
43 46 150.9 128 168 
47 34 151.5 137 167 
24 74 152.0 132 156 
1 24 153.0 146 168 
13 30 153.5 139 166 
14 47 153.8 145 172 
12 20 153.9 144 166 
17 63 154.5 145 170 
25 29 154.5 141 173 
9 45 154.5 139 160 
45 26 155.5 151 175 
6 23 156.0 151 175 
8 24 156.2 142 178 
3 20 157.0 153 175 
21 21 157.0 139 173 
31 44 157.5 145 173 
27 20 157.9 155 183 
5 19 158.0 153 183 
7 25 159.0 152 182 
2 35 160.6 146 174 
53 37 166.8 154 184 
58 35 168.8 158 188 
so 28 170.6 150 ' 190 ' 
48 40 171.5 155 183 
60 45 172.1 162 194 
61 73 172.2 152 180 
20 46 172.5 154 193 
38 28 172.8 156 192 
44 37 173.0 157 188 
35 26 173.3 160 192 
56 23 173.5 158 194 
15 57 174.5 160 188 
59 28 176.0 165 197 
37 25 176.0 160 188 
26 22 176.0 172 204 
57 31 176.0 164 190 
36 19 176.5 156 191 
4 25 176.5 163 191 
54 66 176.5 160 186 
49 34 177.5 168 194 
ll 24 177.7 166 196 
10 27 178.0 142 161 
55 45 178.2 165 194 
52 35 178.5 164 202 
51 36 179.0 166 196 
30 21 179.8 170 204 
34 43 180.5 165 193 
23 27 181.0 172 204 
40 23 181.6 174 202 
33 31 183.6 178 202 
Table 26. Shelf utilisation above unobstructed area, two handed reach. 
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Experiment 3 • One handed reach above unobstructed area 
The can of beans was substituted for the tray and then the 
methodology of the experiment was identical to that used in 
experiment 2. In this experiment the finish height shelf 
utilisation was equal to the diameter of the base of the can 
used in the experiment, i.e. 8.0 cm. 
Results 
Table 27 shows the maximum shelf utilisation height and the 
finish height (shelf utilisation 8.0 cm.). Figure 50 shows the 
relationship between stature and shelf height. 
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Maximum shelf utilization height 
5th percentile stature 90th percentile stature 
Finish height 
Fig 49. ONE HANDED FUNCTIONAL REACH ABOVE UNOBSTRUCTED AREA. 
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SUBJECT AGE STATURE MAXIMUM SHELF FINISH HEIOOT 
UTILIZATION HEIGHT SHELF UTILIZATION (8 .Ocm) 
cm. cm. cm. 
16 73 140.8 125 1.60 
29 72 143.5 127 1.61 
41 65 145.5 136 1.63 
22 44 146.0 139 173 
42 83 147.0 130 154 
46 68 147.0 128 1.60 
39 45 148.5 137 186 
32 55 148.6 138 170 
18 33 149.5 142 171 
28 so 1,50.0 124 173 
19 65 150.5 146 1.68 
43 46. 150.9 144 178 
47 34 151.5 140 178 
24 74 152.0 135 1.61 
1 24 153.0 1.50 172 
13 30 153.5 145 170 
14 47 153.8 151 182 
12 20 153.9 156 183 
17 63 154.5 145 173 
25 29 154·5 1.50 184 
9 45 154.5 144 177 
45 26 155.5 153 183 
6 23 156.0 153 183 
8 24 156.2 148 184 
3 20 157.0 160 186 
21 21 157.0 144 184 
31 44 157·5 1.50 186 
27 20 157·9 155 189 
5 19 158.0 156 189 
7 25 159.0 155 189 
2 35 16o.6 150 . 189 
53 37 1.66. 8 164 192 
58 35 168.8 164 199 
so 28 170.6 1.60 198 
48 40 171.5 155 199 
60 45 172.1 1.62 195 
61 73 172.2 1.64 194 
20 46 172.5 1.60 201 
38 28 172.8 1.60 195 
44 37 173.0 1.62 200 
35 26 173.3 172 206 
56 23 173.5 1.66 202 
15 57 174.5 161 190 
59 28 . 176.0 1.63 209 
37 25 176.0 1.62 200 
26 22 176.0 176 216 
57 31 176.0 1.66 202 
36 19 176.5 170 210 
4 25 176.5 170 210 
54 66 176.5 1.64 210 
49 34 177.5 1.68 204 
11 24 177.7 172 205 
10 27 178.0 147 178 
55 45 178.2 171 210 
52 35 178.5 1.64 210 
51 36 179.0 172 206 
30 21 179.8 174 216 
34 43 18o.s 173 203 
23 27 181.0 174 212 
40 23 181.6 174 208 
33 31 183.6 182 218 
Table 27. Shelf utilization above unobstructed area, one handed reach. 
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Experiment 4. Two handed reach, base units 
Subjects held the tray by the handles in a two handed grip, 
·and an identical grip was then used throughout the experiment when-
ever the tray was moved. The drawer of the fixed unit was pulled 
out and subjects placed and removed the tray three times as far 
towards the back of the drawer as they could, The horizontal 
placement of the tray was noted on each occasion and the mean of 
the three repeats recorded. This procedure was repeated for the 
two fixed shelves and the tray and the two shelves of the pull-out 
unit. In the latter case, lateral as well as forward reach was 
recorded (FIG, 51), 
Results 
Table 28 shows the mean reach distances recorded by each 
subject together with the mean shelf width utilisation. This 
mean is also expressed as a percentage of unit shelf width 
utilisation, 
-219-
5th percentile stature 90th percentile stature 
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Fig 51. TWO HANDED FUNCTIONAL REACH. BASE UNITS. 
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Fixed shelf unit reach distance 
(cm,) 
Subject Age Stature Drawer Top Bottom mean %of total 
total width Shelf Shelf width 
(46 cm) 1_55 cm~ 
16 73 140.8 46 22 14 18.0 32.7 
29 72 143.5 46 32 20 26.0 47.2 
41 65 145.5 46 28 26 27.0 49.0 
22 44 146.0 46 34 12 23.0 41.8 
42 83 147.0 46 30 20 25.0 45.5 
46 68 147 .o 46 31 26 28.5 51.8 
39 45 148.5 46 30 24 27.0 49.0 
32 55 148.6 46 21 12 16.5 30.0 
18 33 149.5 46 44 38 41.0 74.6 
28 so 150.0 46 28 20 24.0 43.6 
19 65 150.5 46 20 16 18.0 32.7 
43 46 150.9 46 24 20 22.0 40.0 
. 47 34 151.5 46 29 24 26.5 48.2 
24 74 152.0 46 32 23 27.5 50.0 
1 24 153.0 46 41 34 37.5 68.2 
13 30 153.5 46 34 30 32.0 58.2 
14 47 153.8 46 38. 33 35.5 64.5 
12 20 153.9 46 41 38 39.5 71.8 
17 63 154.5 46 44 40 42.0 76.4 
25 29 154.5 46 28 18 23.0 41.8 
9 45 154.5 46 34 32 33.0 60.0 
45 26 155.5 46 40 30 35.0 63.6 
6 23 156.0 46 42 36 39.0 70.9 
8 24 156.2 46 32 22 27.0 49.1 
3 20 157.0 46 35 30 32.5 59.1 
21 21 157.0 46 38 24 31.0 56.4 -
31 44 157.5 46 25 18 21.5 39.1 
27 20 157.9 46 so 43 46.5 84.5 
~ 19 158.0 ~ 30 26 28.0 50.9 25 159.0 44 36 40.0 72.7 
Table 28. Two handed functional reach (base units), 
Pull-out tray unit reach distance Lateral reach 
(cm.) {total width 46 cm, ) 
Tray Top Bottom Mean %of total Top Bottom Mean 
Shelf Shelf width Shelf Shelf 
(46 cm) 
46 36 34 35 76.1 38 34 36.0 
46 46 40 43 93.5 36 31 33.5 
46 46 46 46 100.0 46 40 43.0 
46 46 42 44 95.7 46 42 44.0 
46 46 42 44 95.7 42 34 38.0 
46 46 44 45- 97.8 36 34 35.0 
46 46 46 46 100,0 42 40 41.0 
46 46 44 45 97.8 40 36 38.0 
46 46 46 46 100.0 43 40 41.5 
46 46 46 46 100.0 36 34 35.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100,0 46 46 46.0 
46 46 46 46 100.0 46 44 45.0 
46 46 46 46 100.0 46 30 . 38.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 44 45.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 44 45.0 
46 46 46 46 100.0 46 46 46 .o 
46 46 46 46 100.0 46 42 44.0 
46 46 46 46 100.0 42 42 42.0 
46 46 46 46 100.0 46 44 45.0 
46 46 42 44 95.7 46 42 44.0 
46 38 38 38 82.6 38 38 38.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 38 42.0 
46 46 44 45 97.8 44 36 40.0 
46 46 46 46 100.0 46 44 45.0 
46 46 44 45 97.8 46 44 45·0 
46 46 44 45 97.8 46 44 45.0 
Continued 0/page: 
I 
N 
N 
N 
I 
Fixed she~f unit reacn distance 
Jcm.l 
Subject Age Stature Drawer Top Bottom Mean %of total 
total width Shelf Shelf width 
_(4§_ cm)_ (55 cmJ 
2 35 160.6 46 39 32 35·5 64.6 
53 37 166.8 46 40 34 37.0 67.3 
58 35 168.8 46 39 30 34·5 62.7 
so 28 170.6 46 35 34 34·5 62.7 
48 40 171.5 46 41 36 38.5 70.0 
60 45 172.1 46 36 30 33.0 60.0 
61 73 172.2 46 36 23 34.5 62.7 
20 46 172.5 46 22 12 17.0 30.9 
38 28 172.8 46 37 27 32.0 58.2 
44 37 173.0 46 39 31 35.0 63.6 
35 26 173.3 46 42 38 40.5 73.6 
56 23 173.5 46 40 39 39-5 71.8 
15 57 174·5 46 25 11 18.0 32.7 
59 28 176.0 46 36 33 34·5 62.7 
37 25 176.0 46 34 31 32.5 59.1 
26 22 176.0 46 50 44 47.0 85.5 
57 31 176.0 46 29 21 25.0 45.5 
36 19 176.5 46 38 31 34.5 62.7 
4 25 176.5 46 26 22 24.0 43.6 
54 66 176.5 46 22 15 18.5 ~ 33.6 
49 34 177.5 46 39 33 36.0 65.5 
11 24 177.7 46 42 36 39.0 70.9 
10 27 178.0 46 36 32 34.0 61.8 
55 45 178.2 46 22 13 17.5 31.8 
52 35 178.5 46 36 28 32.0 58.1 
51 36 179.0 46 26 18 22.0 40.0 
30 21 179.8 46 so 42 46.0 83.6 
34 43 180.5 46 26 25 25.5 46.3 
23 27 181.0 46 30 28 29.0 52.7 
40 23 181.6 46 47 36 41.5 75.5 
33 31 183.6 46 27 23 25.0 45.5 
Mean = 30.9 56.2% 
Table 28. Two handed functional reach (base units) (cont:inued) 
· l'U.U.-out tray unit reach distance Latera.l ·reach 
"(cm,) (total width 46 cm.) 
Tray Top Bottom Mean %of total Top Bottom Mean 
Shelf Shelf (~d~) Shelf Shelf 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100,0 46 40 43.0 
46 46 46 46 100.0 44 44 44.0 
46 46 46 46 100,0 46 46 46.0 
46 46 46 46 100.0 46 43 44·5 
46 46 46 46 100.0 46 36 41.0 
46 44 42 43 93.5 44 36 40.0 
46 46 46 46 100.0 46 38 42.0 
46 46 46 46 100.0 43 40 41.5 
46 46 46 46 100.0 46 42 44.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 42 44.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 44 45.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 39 42·5 
46 46 46 46 100.0 42 40 41.0 
46 46 46 46 100.0 46 46 46.0 
46 46 44 45 97.8 46 42 44.0 
46 46 46 46 100.0 46 44 45.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 38 36 37.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 46 40 43.0 
46 46 46 46 100.0 46 46 46.0 
46 46 46 46 100.0 42 30 36.0 
46 46 42 i~ 95.7 46 37 41.5 46 46 46 100.0 46 40 43.0 
46 46 46 46 100.0 46 40 43.0 
45.4 98.6 
DISCUSSION AND CONCLUSIONS 
Two handed functional reach over worktop 
The outline. side elevation of wall and base unit in Fig. 52 
represents the dimensions of a standard range of fitments posi-
tioned according to B,S, 4011 (Fig. 36), The curves bounded by 
the wall unit show the range of functional reach of the subjects 
When grouped into·interpercentile ranges, For this purpose the 
data from Table 25 were divided into four interpercentile range 
groups: 1st- 5th, 6th- 30th, 70th- 95th and 96th- 100th, 
representing stature values of 140.8 cm. - 152,0 cm., 153,0 cm. 
- 160.6 cm., 166.8 cm, - 173.5 cm. and 174,5 cm. - 183.6 cm., 
respectively, The curves were constructed by taking the mean 
value of maximum shelf utilisation height and finish height 
(10.0 cm. utilisation) of subjects in each of the four percentile 
range groups. The percentage of storage acc~ssibi:~ty was also 
calculated by taking the mean value for each percentile range 
group. These (unshod) values are given in Fig. 52, with an 
allowance (2.54 cm.) for shoes in brackets. 
It will be seen that subjects in the 1st to 5th percentile 
range were unable to utilize the maximum width of the shelf even 
at its lowest limit, 135 cm. Although there is a progressive 
increase of storage utilisation with successive percentile groups, 
SO% utilisation is not achieved even by the 6th to 30th percentile 
group When an allowance is made for shoes, Therefore the 
inclusion of the total volume of an above worktop wall unit, posi-
tioned to B.S, standards, in a storage standard based on volume 
alone would not appear to be justified. 
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Fig, 52. Two handed reach over worktop storage utilisation. 
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The difficulty experienced by subjects over 60 years in age 
is particularly relevant. The decrease in functional reach of 
this age group both in the 30th percentile range and below and the 
70th percentile range and above is most marked, as is shown in 
Figs, 46a, b. It can be seen that this age group, regardless of 
stature, is in the lower part of the functional reach range. 
Therefore, there would appear to be little value in providing 
above worktop storage in housing designed for the elderly if the 
existing dimensional values are maintained for base units, 
Two handed reach above unobstructed area 
The data from Table 26 were divided into the four interper-
centile range groups used in Fig. 52. Fig, 53 shows the maximum 
shelf utilisation height for each of the four interpercentile 
range groups. These were calculated as in the prev .ous figure 
by taking the mean value of maximum shelf utilisation height for 
each of the four groups. The mean value obtained for the front 
10 cm. of shelf utilisation is also shown. 
One handed functional reach over unobstructed area 
The data from table 27 were divided into the four interper-
centile range groups used in the two previous figures (Figs. 52,53), 
i. e., the 1-5, 6-30, 70-95 and 96-100 percentile ranges for 
stature. The solid horizontal lines in Fig. 54 show the maximum 
shelf utilisation height, and the maximum shelf height for the 
front 8.0 cm. width utilisation for each of the interpercentile 
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Stature percentile Ma.x.imum shelf 
utilization group 
mean height {cm) 
unshod. + 2.54 
+ 1 - 5 125.6 (128.1) 
++ 6- 30 146.2 (148.7) 
0 70 - 95 156.0 (158.5) 
00 96 - lOO 164.7 (167. 2) 
10 ( . 
10 cm utilization 
mean height (cm) 
unshod + 2.54 
156.3 (158 .8) 
173.3 (175.8) 
188.9 (191.4) 
193.8 (196.3) 
Horizontal lines represent limit of functional reach- = unshod 
- -- = 2.54 cm. allowance for shoes. 
Fig. 53. Two handed functional reach above unobstructed area. 
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range groups. The broken horizontal lines represent the 
increase in shelf height when an allowance of 2.54 cm. is made for 
shoes. From this, it will be seen that if design criteria 
require the maximum utilisation of a 30.0 cm. shelf, which is 
positioned above an unobstructed area, by the maximum number of 
British adult females, it should be set at a height no greater 
than 137.6 cm. 
Decrease of reach function with age: 
Comment has already been made on the limited value of above 
worktop storage for the elderly ( ;> 60). Similar suggestions 
can be made concerning the maximum height positioning of shelves 
above unobstructed areas. 
The decrease in functional reach of subjects 60 years of age 
and over in both the 30th percentile range for' stature and below, 
and the 70th percentile range and above is most marked as Figs, 
48a, b, and 50 a, b, show. This decreased function will be of 
particular relevance to those women in the 1st - 5th percentile 
range group for stature if shelf height standards are based on all-
age mean values, 
It is suggested, therefore, that where it is possible to 
design specially for the elderly as in specialised housing, these 
reduced values are adopted. The following table (Table 29) shows 
these reduced values together with all-age values and those values 
for the population who are less than 60 years of age. These mean 
values were calculated from Tables 26 and 27 from subjects in the 
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0 30 
utilization width (cm.) 
10 0 
Stature percentile Maximum shelf 8,0 cm utilization 
group utilization mean height 
mean height 
+ 1 - 5 135.1 (137 .6) 168.3 (170 .8) 
+t 6 
-
30 150.9 (153 .4) 182.5 (185.0) 
0 70 
-
95 162.6 (165.1) 198.3 (200.8) 
00 96 - lOO 168.5 (171.1) 206.2 (208.7) 
Horizontal lines repre~ent limit of functional reach- = shod 
- - - = 2.54 cm. allowance for shoes. 
Fig. 54. One handed functional reach above unobstructed area. 
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1st - 5th percentile range group. The incremental allowance of 
2.54 cm. for shoes is shown in brackets, 
combined 
Unobstructed shelf > 60 < 60 ~es 
Two handed reach 121.8 (124.3) 130.7 (133 .2) 125.6 (128.1) 
One handed reach 131.4 (133.9) 140.0 (142.5) 135.1 (137 .6) 
Table 29. Maximum shelf height for maximum (30.0 cm,) shelf width 
utilization. 
It should be stressed that these are maximum height values and 
in those situations where one standard is applicable to the whole 
adult female population, it is suggested that these values form 
the bases of such standards. 
Reach Profile chart 
The pro formas used to record subjects• functional reach in the 
experiments have been shown (Figs. 43, 44). Fig. 55 shows a data 
plot made during the two handed functional reach above an unobstructed 
area experiment. Although this represents the data for one subject, 
it is suggested that if a curve was plotted which was based on a 
sample of the population for which the design was intended, this would 
provide a simple means of evaluating the relative accessibility of 
shelves of different width placed at any given height. The broken 
lines on the chart represent the back of two shelves of 14 and 24 cm. 
width. The shaded portion between the broken lines and the curve 
shows the proportion of inaccessible shelf at the height given by 
the shelf height scale. 
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Forward reach Recording Sheet 
Elbow height (Linear dimensions in cm. 
Vertical reach \{eight in kilos) · 
Stature 
Weight 
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I~ I • I 
Function.al reach depth 
Fig. 55. Reach profile of tl'ro handed functional reach above 
unobstructed area. 
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Two handed reach, base units 
Fig, 56 shows the comparative accessibility of the fixed 
shelves and pull-out base unit shelves of the base units used in 
the experiment {Fig. 39). The same four interpercentile range 
groups for stature, namely, 1st - 5th, 6th - 30th, 70th - 95th 
and 96th - 100, are again used, and the values shown represent 
the mean value of the interpercentile group calculated from data 
given in Table 28, The accessibility values are expressed as a 
percentage of the internal shelf dimensions of the two fitments 
and not the external carcass , 
The improved accessibility of the pull-out shelves over 
fixed shelves is clearly seen. Therefore, if accessibility is 
to be considered in storage standards and the amount of floor 
area occupied by base units is critical; the pull-out type unit 
would offer both improved accessibility and a saving in the 
floor space occupied by storage units, 
Because of the decreased functional reach of the elderly 
noted in previous experiments, data on the 1st - 5th interper-
centile range group was divided into two groups according to 
age, the results are shown in Table 30, 
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Fixed shelf unit Pull-out unit 
Stature Shelf accessibility % accessibility Shelf accessibilit~ % of 
percentile (shelf w.idth 55 cm.) (shelf w.idth 46 cm. accessi-
rllll£e mean w.idth mean w.idth bilitv 
+ 1 - 5 25.0 45·4 44·5 96.9 
+1- 6- 30 34.0 61.8 45.2 98.3 
0 70- 95 34.2 62.1 45.7 99.4 
00 96- 100 30.6 55.6 45.8 . 99.7 
Fig. :/J. Comparative accessibility of fixed shelves and pull-out base unit 
shelves. 
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Fixed shelf unit Pull-out unit 
Shelf accessibility Shelf accessibility %of 
mean width %of accessibility me(, width accessibility (cm.) cm.) 
>60 <60 Combined >60 <6o Combined > 60 <6o Comb:med >60 <60 ages ages ages 
24.3 26.0 25.0 44.1 47·3 45.4 43.9 45.5 44.5 ~5.4 98.9 
TABLE 30. Base unit shelf accessibility (> 60 < 60) 
It can be seen that functional reach in this situation does 
not show the same marked decrement as occurred in the upward reach 
experiments, However, it is worth noting the greatly improved 
accessibility given by the pull-out shelves units, 
Standing worktop height and storage accessibility 
Worktop heightS: 
Currently the recommended standard for kitchen fitments is based 
on British Standards Institution B.S. 1195(1972). This recommends a 
standing worktop height of 90.0 cm. (Fig. 57). Modification of this 
worktop height depends on the acceptance of the draft British 
standard for kitchen equipment - co-ordinating sizes, ISO/DIS 3055 
(1973) which proposes two standards for worktop level, 90.0 cm. or 
85.0 cm. The lower height is presumably based on the German 
Furniture Industry Institute (1971) proposal which in addition to 
recommending, 11 only one dimension should be specified in an inter-
national standard, 11 continues that standing worktop levels "should 
be a uniform 85.0 cm." 
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Com-
bined 
al!;es 
96.9 
It is not intended here to develop the argument for adjustable 
worktop surfaces or the provision of different worktop heights to 
accommodate the need for optimum working conditions. The general 
·implications have been reviewed by Drillis (op. cit.) and the 
specific applications to the domestic situation by Ward (op. cit.). 
Both authors are in agreement that standing worktop height should 
be related to elbow height. It is also agreed that, if only one 
worktop height is to be available, an acceptable compromise would 
be to place it at a height between elbow height and 7.62 cm. below 
elbow height. To find whether this latter criterion will be met 
by the existing standard height of 90.0 cm., or by the 85.0 cm. 
alternative, reference can be made to the static anthropometric 
data (Fig. 58) which shows the distribution of elbow height for the 
British adult female population (Appendix D), The actual values 
are 88.5 cm. for the first percentili.and 112.5 cm, for the 99th 
percentile, a range of 24.0 cm. Clearly, no one height can accOIIl-
modate the range of elbow heights of the adult female population. 
Fig. 59 shows both the elbow height distribution plus an 
allowance of 2.54 cm. for shoes, and the lowest recommended work-
top height (elbow height+ 2.54 cm. - 7.62 cm.). The area bounded 
by these curves can be regarded as an optimum band of worktop 
heights for the adult female population. By drawing a horizontal 
line at any height bounded by· the curves, the points where this 
line intersects the upper and lower curves will indicate the per-
centage of the p9pulation encompassed by any one worktop height. 
Fig, 60 sholiS how the curves can be used to design worktop heights 
for the female population. Both the existing B,S.I. standard of 
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5th percentile stature 
90th percentile stature 
Fig 57. ELBOW POSITION IN RELATION TO 90cm. WORKTOP 
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of standing worktop heights. 
80 90 lOO 
90.0 cm. and the alternative, 85.0 cm., are also shown. If 
current ergonomic research on standing worktop heights is accepted, 
the adequacy of existing and proposed B,S./I.S,o. standards for the 
·British adult female population is in doubt, Proposed alternative 
ranges are illustrated in Fig, 60. 
The effect of variable worktop heights on above worktop storage 
If worktop surface heights are offered in the ranges suggested 
above, this will affect the accessibility of storage above the 
worktop. The recommended positioning of an above worktop cupboard 
is determined by the standard separation height between the worktop 
and the cupboard. Therefore, if the worktop is raised, the cup-
board will require to be raised by an equal.amouil.t. Table 31 
shows the accessibility of above worktop storage when the cupboard 
height is adjusted to give the standard 45.0 cm. clearance above 
the 3 ranges of worktop heights suggested in Fig. 60 (viz, 92.5 cm., 
100.0 cm. and 107,5 cm.). The four interpercentile stature range 
groups (i.e. 1st-5th, 6th-30th, 70th-95th and 96th-100th) as defined 
earlier are given, together with the worktop height range appropriate 
to the elbow height of each percentile range group. All values 
shown are based on stature + 2.54 cm. allowance for shoes, 
Stature 
percentile 
range 
1st- 5th 
6th- 30th 
70th - 95th 
96th- 100th 
Table 31. 
Storage over 90.0 cm. Storage over worktop set 
worktop. to suit elbow height. 
% accessibility % accessibility 
14.0 11.8 
36.10 28.7 
65.6 41.0 
76.9 48.4 
Comparison of percentages of above worktop storage 
accessibility. 
- 239 -
It will be noted that if worktops are positioned at ·optimum 
heights the percentage accessibility of above worktop storage 
decreases for all interpercentile range groups. This, however, 
should not be used as the bases of argument against the provision 
of worktops at optimum heights but rather as additional proof of 
the need to exclude the inaccessible proportions of above worktop 
storage from any storage standard. 
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DISCUSSION 
DISCUSSION 
House and home stand at the centre of people's lives, providing 
in the narrowest sense shelter and protection against the elements and, 
from a broader view, a focal point for family life. It is. true to 
say, therefore, that the adequacy of a nation's housing will have a 
direct bearing on the living standards of its people. To study 
housing is to explore a cross-section of our whole society, not only 
the people that are housed, but also the various agencies, political, 
economic and social, that are charged with, or concerned in, its 
provision. No one can claim expertise in all these fields, yet a 
study of any facet of housing must show an awareness of the role that 
each plays. This is particularly true in the case of social factors, 
because, without a full understanding of social needs, there is 
always a danger that economic provision will be governed by political 
policy. 
It may be a truism to state that "people live in houses", but 
without awareness of all that this implies, it is impossible to 
direct research in order of priority of human needs. If these needs 
can be proven to exist, then at least these factors can hopefully be 
given due cognizance in building regulations and be treated 
apolitically. 
User Studies 
One reason has now been given for the justification of user 
studies. It has also been stated that many agencies are concerned 
with housing, and it is therefore logical to consider those actually 
concerned with the design of the end product, the house; i.e., 
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architects. With the development of mass housing, the clients for 
whom the dwellings are designed are rarely the people who will 
actually occupy the houses built. In the past, particularly in 
the private sector, it was possible to build a number of test 
houses and study user reaction and use this as the basis for future 
modification. Today, however, if one considers the type of housing 
that is provided for the majority of the population, both in the 
public and the private sector, such methods are prevented by the 
scale of building of large contracts, This necessitates the 
increasing use of industrialised building methods which provide 
greater economic viability through the use of long production runs, 
The need for research and the application of its findings at the 
design stage therefore become of paramount importance. 
In Britain, since the end of the last war, user research has 
mainly been undertaken by sociologists, and much valuable informa-
tion on the need to provide housing that will meet changing social 
patterns has emerged. It is to their credit that on the whole they 
have avoided the paternalistic attitude of earlier housing reformers. 
Their effectiveness has, however, been governed by two factors: the 
concept of relativity when deciding upon real needs in the user 
sense, and the difficulty of communication between sociologist and 
architect. The former will always be decided by the much larger 
concept of society as it is perceived by the various agencies 
charged with society's welfare, and as finite goals are reassessed 
in continuing social development, more accurate forecasting methods 
will need to be developed. The second factor, that of communica-
tion, can have even more serious implications. Architects tradi-
tionally have been influenced by judgement on a single, although 
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complex, criterion- the aesthetic satisfaction which the.exterior 
architectural forms give to the spectator. This traditional out-
look has in recent years been modified by the functionalist movement 
which has received itS input from science, technology and the 
expression of social needs. In theory, function now dictates form 
but the extent to Which this has displaced external aesthetics from 
its place of pre-eminence is a matter for conjecture. Consequently 
the architect, unless addressed in the language of his own discipline, 
will more readily rely on his own conceptual model of man and society 
than on research, especially if this is presented in the language of 
another discipline. Had better communication existed the prolifera-
tion of high-rise flats Which are designated.as family dwellings 
might have been avoided. 
The ergonomist's role in housing 
One of the values of sociological research has been to create 
an awareness of areas where fundamental research has previously been 
lacking. In the examination of social structure the sociologist 
has assumed that, because men's biological needs are self evident, 
further research to ensure provision for those needs was not a 
proper field for sociological investigation. With the designer's 
conceptual model based upon himself, the elements of individual 
differences and needs have not received their full recognition in 
basic design. The ergonomist with his interdisciplinary interests 
can identify such areas in which research has been lacking and exam-
ine current standards in the light of his findings. 
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Space in the home 
Current standards of design both in public and private sector 
dwellings are based on recommendations made by the Parker Morris 
Committee in their report, •Homes for today and tomorrow•, published 
in 1961. Part of their summary of main conclusions and recommenda-
tions provides both guidance and direction for research: 
" The starting point for thinking about houses and flats must 
be the activities that people want to undertake in them. 
This approach to the problem of design starts with a clear 
recognition of these various activities and their relative 
importance in social, family and individual lives, and goes 
on to assess the conditions necessary for their pursuit in 
terms of space, atmosphere, efficiency,comfort, furniture and 
equipment. Our recommendations are not therefore based on 
minimum room sizes but on fundamental requirements and levels 
of performance with minimum overall sizes for the dwelling 
related to the size of the family. Our recommended minima 
are not to be taken as maxima. Many desirable features which 
may come to be required may not be possible within them. " 
Thus the breadth of required research is indicated, but the 
ordering of priority is not positively defined. If. however, the 
initial sentence is thought of in terms of need, the phrase "want 
to undertake in them" is replaced by, "have to undertake in them", 
and some guidance is proffered for ergonomically based research. 
The criterion then becomes one of need rather than that of conveni-
ence. 
The choice of kitchen storage 
If one considers all the alternatives available for basic 
research into housing standards, one factor alone, space, preempts 
all others, both in the overall design and the construction of the 
component parts of a dwelling. Thus Parker Morris recommends 
minimum overall sizes for the dwelling and does not base its 
-244-
recommendations on minimum room sizes. For freedom of internal 
design this is quite obviously an excellent idea as it allows 
different internal arrangements to suit individual needs, It is, 
however, an inconvenient fact that many different families having 
many different needs will occupy the same house during its economic 
life, Therefore, in the absence of movable walls, a more realistic 
view must be taken of space allocation, not only of the internal 
arrangement of the dwelling but also the overall structural peri-
meter within which this freedom of design was to be encouraged. 
It can therefore be considered essential to construct a single 
datum line to which other functional and activity spaces can be 
added until the overall perimeter is finally defined in terms of the 
sum of the internal spatial requirements. Some o.f these internal 
spaces may or will be interchangeable in that their construction and 
location will permit of a range of different activit.'.es, However, 
the area chosen for research in this thesis, the kitchen, is one 
that meets the requirement of user need and thus qualifies as a 
starting point for the overall space considerations of the dwelling. 
However, even the kitchen itself, although basic to family life, 
cannot be considered initially as space unless the activities it 
contains are accurately prescribed. One of these, storage require-
ments, was the specific area selected for this research, because, 
unless the area occupied by storage for domestic activities centred 
on the kitchen ,is' known, the outward projection of activity space 
both for the kitchen and consequently for the dwelling as a whole 
cannot be formulated. 
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Basis for standards 
The approach to any research will necessarily be peculiar to 
the enquiry undertaken. In this instance, in the case of kitchen 
storage standards, it was decided to review standards in the light 
of both existing recommendations and how these met current needs, 
and also to trace the manner in which historically they had been 
developed. The latter was necessary in view of commonly expressed 
dissatisfaction with kitchen storage, and in order to identify 
previous research that had been specifically related to this area. 
It was soon discovered that historically the responsibility 
for the provision of an actual dwelling for the •working classes' 
created a major problem. This initially overshadowed consideration 
of space allowance and internal amenities. ·At first, progress was 
made through the influence of philanthrypic bodies and, no matter 
how paternalistic this may seem today, at least the rroblem of 
housing received practical recognition. 
In the late 19th century advancing medical knowledge linked 
housing conditions and the mortality of disease. Even then 
Government recognition was hard won and the clearing of slums without 
adequate measures being undertaken to re-house their occupants 
served only to increase the housing problem. It is thus not sur-
prising that little can be learned from this period that is of value 
in the construction of detailed standards. What does, however, 
become of increasing importance is the knowledge that these standards 
should be constructed and responsibility accepted by Government for 
their implementation. 
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Tudor Walters and Dudley reports 
Although a quarter of a century separates these reports, it is 
interesting to note that each was produced at the conclusion of one 
of the two world wars, The •Tudor Walters Report' represents the 
first real essay by Government into the consideration of housing 
standards for the working classes and represents one of the most 
thorough enquiries into mass housing layout. Although published in 
1918, many of its findings are applicable today, Kitchen storage 
was catered for by the provision of a larder. Although the minutes 
of evidence to the committee fail to throw any light on how the 
size of the pantry was arrived at, at least two different sizes 
were recommended; one for urban communities and the other for 
rural districts, However, detailed consideration· was given to its 
construction and siting so that functionally it served as a cool 
store. 
The conclusion of the second world war saw the publication of 
the second important housing report, 'The Dudley Report•. Clearly, 
the social amelioration of working class conditions was under way 
as the report refers to "dwellings for the people throughout the 
countcy11 , Due recognition was given to the technological innova-
tion that had taken place in the kitchen in the inter-war period, 
and the effect that this would have on internal design. For the 
first time work sequence was considered in kitchen planning, and 
storage fitments as well as a larder were recommended for kitchen 
storage. 
It is, however, one thing to recommend standards and a quite 
different matter to have these implemented, because the extent of 
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implementation depends greatly on politico-economic policy, Thus 
if one considers average floor area of the dwelling as an indicator, 
between 1951 and 1961 an actual decrease in building standards took 
place; despite the fact that it had frequently been shown that 
economic expediency would eventually prove to be a false economy. 
These reductions in overall standards also included a decrease in 
storage standards. 
As might be presumed, these overall reductions brought about 
mounting criticism of the low standard of local authority housing, 
and by the late 1950s, the need for a reappraisal of standards had 
obtained general acceptance. As a result, a sub-committee of the 
Central Housing Advisory Committee was formed with the following 
terms of reference:-
" to consider the standards of design and equipment 
applicable to family dwellings and other forms of 
residential accommodation whether provided by >ublic 
authorities or by private enterprise, and to make 
recommendations. " 
The report of this sub-committee was published in 1961 under 
the title, "Homes for today and tomorrow", commonly known after the 
name of its chairman as the Parker Morris Report. 
Specifically on storage, a volume of 80 cu. ft. of enclosed 
domestic storage space was recommended as being the minimum standard 
for 4 person dwellings. It was, however, stressed that these 
standards should not be regarded as the maximum and progressive 
increases might be required as further information on family needs 
became known. In terms of volume, the Parker Morris figures show a 
decrease on standards recommended 17 years earlier, a reduction for 
which there was no firm evidence. It was, therefore, decided to 
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undertake a study.of domestic storage requirements specificalJ.y 
related to kitchen activities. 
Rationale for storage 
It was noted from the earlier reports that very little detailed 
information was available on storage requirements. Therefore, 
before undertaking the present study, a rationale was proposed around 
which the enquiry would take place :-
1. Storage should be related to work centres, priority of 
allocation being decided on frequency of use. 
2. Storage should be allocated according to specialised tempera-
ture requirements. 
3. Storage should be sufficiently adjustable to allow for 
contents having a wide range of sizes. 
4• Stored items should be visible. 
5. There should be physical separation between contents 
to allow for access. 
6. Storage must be allocated within the functional 
anthropometric reach distance of its users. 
This formed the basis for the enquiry. However, before any of 
these questions could be answered, basic information had first to be 
obtained on the amount and size of items stored in kitchens and on 
relevant anthropometric data of the British adult female. 
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Kitchen storage survey 
In order accurately to find out the number and range of items 
stored in kitchens, it was necessary to carry out a survey in as 
many kitchens as possible. This posed a number of problems: how 
to record the information, obtain the cooperation of tenants in 
public and private sector dwellings, and finally obtain assistance 
for the physical task of data collection. 
Q?estionnaire design 
The only survey that had been carried out in recent years used 
a closedinventory method. Therefore, in order to find out whether 
or not this would accurately record the range of items stored, a 
number of homes were visited. It was obvious from a visual check 
of stored items that a closed inventory method would involve the 
design of a questionnaire of inordinate length, To overcome this 
problem, a type of questionnaire was devised in Which open ended 
recording blocks were provided under main classification headings, 
This, together with open sections, proved to be successful for the 
recording of data. It was originally envisaged that the prelimi-
nary calculations of volumes could be made by survey teams and this 
influenced the design of the recording blocks, This proved imprac-
ticable because·of the length of time involved and the questionnaire 
required modification. Unfortunately for economy reasons, the 
questionnaire had been printed in large numbers and, in order to 
avoid complete re-design and additional cost, the original question-
naire was used and a data encoding form designed for extraction of 
information from the questionnaire, so that all calculations could 
be done by computer, 
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Sample selection 
The areas of the country chosen were necessarily dictated by 
the location of the Colleges but, as their location extended from 
Aberdeen to London and Cardiff to Clacton, a wide geographical 
coverage was obtained. The survey would not have been possible 
without the cooperation of the Housing Managers and their staff in 
each of the areas. Although tenants were visited and letters 
explaining the survey sent, the number of non-responses could have 
been reduced if further visits immediately prior to the surveys had 
been made. This would, however, have required additional survey 
staff. In the private sector the assistance of the voluntary 
consumer groups proved invaluable. 
Data Analysis 
Although all the main analysis of data was done by computer, the 
chief problem was the amount of data. Each questionnaire could con-
tain up to 3, 220 variables and at the time of the analysis no 
statistical package existed that could handle this amount of 
information. 
Anthropometric survey 
Two anthropometric measures were included in the storage survey 
questionnaire, namely, stature and static vertical reach. However, 
as the storage survey progressed it became obvious that additional 
anthropometric data would be necessary in order to relate storage 
design to user body dimensions. These necessary data had not 
previously been recorded for adult British women so a large scale 
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anthropometric survey was undertaken. Cost prevented this work 
being undertaken by full time survey teams, so recording charts were 
devised as a cheap method of mass producing measuring apparatus. 
Care was taken in selecting the organisations who were asked for 
voluntary assistance in taking and recording measurements, and the 
majority of these were professionally supervised or qualified in 
some aspect of scientific measurement. The main concern in a survey 
of this type is that of checking the validity of data. In this 
instance, the duplication of measurements on a sample of 300 subjects 
provided the parameter against which to set the programme for the 
analysis of subsequent data. It is accepted that this method may 
exclude extreme range values but, as these will be regarded as 
exceptional categories from the point of view of ~eneral population 
design, this procedure was felt to be justified. 
In addition to providing information on static reach that was 
previously lacking, the inclusion of standing elbow aeight is likely 
to prove of value in workPlace design. The difference shown 
between proposed B,S .I. I.S .o. standards for standing worktop heights 
and an ergonomic optimum height is particularly noticeable, and it 
is hoped that the information provided will prove of value to 
designers. 
Functional anthropometry experiment 
The primary aim of the anthropometric survey was to obtain 
data on the range of reach dimensions in the adult female population. 
This was necessary initially in order to compare current design 
recommendations relating shelf placement and the distribution of 
reach dimensions. TWo facts emerged: many of the recommendations 
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were based on anthropological data of static dimensions with no 
decrease in reach allowed for functional activity; and although 
the anthropological data were of course a correct measure of the 
reach parameter recorded, subsequent misinterpretation had implied 
that this was a functional dimension. Additionally, no mention was 
made in any design standard as to the width of shelf available for 
access or whether a two- or one-handed reach was involved. 
Possibly of greater ergonomic interest is that existing stan-
dards on shelf heights are based on the stature of the 'average' 
woman. To these recommendations one also finds added phrases such 
as "maximum shelf height for general use 11 • Therefore, in order to 
provide previously lacking data, the functional anthropometry 
experiment was undertaken. In addition to supplying data on two-
and one-handed accessibility of wall si:elving, with both unobstructed 
access and access obstructed by a worktop, the accessibility of fixed 
shelf and pull-out shelving system base units was also examined. 
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CONCLUSIONS 
CONCWSIONS 
Specific conclusions have already been drawn in the sections of 
this thesis concerning storage and anthropometry. 
Standards specifications: 
The way in which storage standards have developed up to the 
present day has been traced. In order to provide previously lacking 
data, the storage survey was undertaken to identify and quantify 
items found in houses built to present standards. If the advice of 
Lee ( op. cit.) • • , "that form should follow function", and the 
proposed ergonomics rationale for storage are followed, it is 
possible to frame storage standards in a more meaningful way than in 
terms of volume alone. Storage standards should be given in terms 
of shelf area and this area should include a separation allowance 
to permit access. 
Anthropometric considerations: 
The accessibility of storage has been shown to be related 
directly to the functional reach of its users, which in turn, in the 
case of vertical reach, is related to stature (r = .837). Therefore, 
if a standard is proposed for the British adult female population as 
a whole, this standard should be based on the functional reach 
capacities of the lower percentile stature values of this population. 
This means that, if this group is catered for, the proportion of the 
population having a greater stature will also be.catered for. 
The need to consider the distribution of reach capacities is 
also relevant to the economic life of the .dwelling and to the length 
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of time during which it remains serviceable for occupation.· 
During these periods the dwelling will almost certainly be occupied 
by tenants of varying stature. Therefore built-in storage faci-
lities should be capable of full utilisation by those in the lower 
percentile stature range; they will then be fully utilisable by 
all other users of the same or greater stature. 
The decrease in functional reach of the elderly has been shown 
and is of obvious importance if due cognisance is to be given to 
this proportion of the population, or if special provision is to be 
made for their storage requirements. 
Evidence additional to that already available has been given to 
demonstrate that no single height of worktop can provide an optimum 
working situation for the whole range of the population. It also 
appears that current relevant BSI/ISO standards bear little relation 
to ergonomic data. Worktop height standards should be revised to 
take into account the dimensions of adult British women and the 
possibilities of worktop adjustability explored further. 
Design Criteria: 
It is proposed that the two factors already described, viz, 
shelf area required for storage and the functional reach of the 
population, should form the bases for storage design. No one 
design layout, so long as a work sequence layout is followed, is 
either necessary or desirable. However, given the ergonomic bases 
for design detailed in the section on storage accessibility, it 
should be possible to create designs that provide the recommended 
base storage area and that are also accessible.to a population 
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having different reach capabilities. Using a combination of shelves, 
whether in the fonn of a free standing structure such as a cupboard 
unit, or in an encompassing structure such as a larder or store room, 
and applying the data already given, it should be possible to 
evaluate the cost effectiveness of different systems related to the 
floor space they occupy. It follows, therefore, that if ergonomic 
considerations influence storage provision, the data already given 
will assist in constructing an internal datum line for the dwelling, 
Structural dblensions of storage facilities: 
The anthropometric data quantify one aspect of population 
differences. Substantial differences can also be found in the 
quantity and types of item stored. To some extent this is a con-
sequence of the wide variety of produc~s available for purchase and 
the wide range of packaging sizes. This makes it i'llpossible to 
recommend a standard shelf separation value; a better solution 
would be storage facilities with full shelf adjustability. By this 
means, it will be possible for families to adjust storage to suit 
their individual needs. 
It will be recalled that the survey obtained data on difficulty 
of storage. The evidence from these data is inconclusive from a 
dimensional point of view. In the majority of cases the difficulty 
existed because of inadequate storage provision. The only exceP-
tions are large items such as ironing boards and brushes, and it is 
suggested that certain storage facilities have internal structural 
dimensions to cater for these larger items. 
Storage is, of course, only one element, although a vital one, 
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in overall kitchen design, and also of the complete dwelling. 
Many of the issues raised by Parker Morris require further 
research, both in their technical and ergonomic, and in related 
socio-economic, aspects. The need for a comprehensive survey of 
storage for the complete dwelling is indicated. If this is to 
be undertaken, Parker Morris will again bear noting: 
11 Most people have some tendency to hoard, and there are 
often good reasons why they should do so. Many things, 
such as summer or winter clothing, are only in seasonal 
use; other things such as luggage trunks are needed 
only from time to time; equipment useful in sickness 
may only be used at very long intervals; and yet other 
things, often quite bulky things, such as equipment for 
babies, may need to be stored for many years. We 
believe that even if the junk, of which everybody has 
some, were cleared out from the average home, the house-
hold would still not find its reasonable storage 
requirements met in the arrangements at present being 
provided, whether in private enterprise or in local 
authority dwellings. " 
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APPENDICES 
APPENDIX A, 
Pages 1- 11 Storage survey questionnaire, 
- 269 -
Date of 'survey 
Day Month Year 
I I I 
Institute for Consumer Ergonomics 
Department of Ergonomics & cybernetics 
Loughborough University 
Kitchen Storage Survey 
Name of householder • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Address. • • • • • • • • • • • • • • .. • • • 
• • • • • • • • • • • • • • 
1. Are you a member of the Consumers Association, the publishers of 
Which? 
Place tick in appropriate box. 
2. Please tick day on which survey was taken. 
3. What type of dwelling do you live in? 
Place tick in appropriate box. 
2 storey house 
3 storey house 
2 storey maisonette 
1 storey maisonette 
Flat 
Bungalow 
4. How long have you been living here? 
State the number of years in the box on the right. 
5. How many people are living in your household? 
Please state the numbers in the boxes on the right. 
1 
Adults (over 16) 
Children (5 - 15) 
Children (2 - 4) 
Children (under 2) 
• • • 
• • 
EO 
EO 
M 
T 
w 
T 
F 
s 
s 
- 270 -
6. What is.the housewifes age? 
Please tick appropriate group. 
(where no housewife, give householders age) 
Under 20 
20 - _30 
30 - 40 
40 
- 50 
50 - 60 
Over 60 
No reply 
7. Does the housewife: 
Work full time as a housewife 
Work full time at other occupation 
Work part time at other occupation 
Undertake paid work at home 
No reply 
8. Do you find the st orage capacity of your kitchen: 
Sa, If the answer to Q.8 is Rather 
unsatisfactory or worse state 
reasons, (Use the reverse of 
this sheet to record remarks) 
Very satisfactory 
Fairly satisfactory 
All right 
Rather Unsatisfactory 
Very Unsatisfactory 
Have you provided any of the storage units in the 
kitchen yourself? 
EO 
~ 
10, If the answer ·to question 9 is Yes, is this/are these:-
Please tick appropriate box{s). 
wall unit(s) 
2 base unit (s) 
freestanding cupboard{s) 
- 271 -
11. Is .there any outside store, shed, garage etc.? 
12. If the answer to question 11 is Yes, did you provide this 
yourself or was it provided by the landlord? 
13. What is the housewife's height (without shoes)? 
Place answer to nearest m.m. in box on right. 
14. What is the housewife's maximum vertical reach height 
with two hands (measure to longest finger tip)? 
Place answer to nearest m.m. in box on right. 
15. Can you give an approximate amount to nearest .25p, 
the amount of money spent weekly on food (including milk). 
16. For your main shopping requirements, do you prefer to shop: 
Daily 
Yes 
No 
Self 
Landlord 
Twice weekly 
Weekly 
Monthly 
As required 
17. Which of the following do you buy daily? 
Please tick appropriate box(s). Milk 
Bread 
Eggs 
Meat or 
Fish 
3 
p 
- 272 ": 
18. In what amounts? (t.5 = one and a half) Milk 
Bread 
Eggs 
Meat or 
Fish 
Kitchen {measure to nearest 0.5 cm) 
19. Give the wall to wall measurements of the kitchen, 
20, What is the effective floor space of the kitchen? 
(Effective floor space is that area not occupied 
by base units, cookers, freestanding cupboards etc.) 
21, What is the work top area of the kitchen? 
{excluding draining boards), 
22. What is the height of the work top? 
4 
pts. 
loaves 
by no, 
lbs. 
ems. 
Length 
Width 
Area I 
ems. 
Length D 
Width 
Area D 
ems, 
Length 
Width 
Area D 
ems, 
- 273 -
23. What is the area of the draining board(s)? 
24, What is the height of the edge of the sirik from 
the floor? 
Storage unit measurements 
ems. 
Length 
Width 
Area 
ems. 
25, What is the internal volume of the wall storage units? 
No, x Length x Width x Height = Volume 
Total Volume ~~---------J 
26, What is the total shelf area of the wall units? 
No. x Length x Width = Area 
Total Area I 
5 
- 274' 
27. What is the volume of drawer space in the kitchen? 
No. ··x Length x Width x Depth = Volume 
Total Volume 
28, What is the total volume of the kitchen base units? 
No, X Length X Width X Height Volume 
Total ·rolume 
29. What is the total shelf area of the base units? 
No. x Length x Width = Area 
Total Area 
6 
- 275 -
30, What is the volume of any free standing or built-in 
cupboard space excluding ventilated larder? 
31, What is the shelf area (include floor) 
No, x Length x Wid~ = Area 
32, What is the total volume of the ventilated 
cool cupboard or larder? 
33, What is its shelf area (include floor) 
No, x Length x Width x Height Area< 
34. What is·the internal volume of the refrigerator? 
34a, h Wat are its external dimensions? 
7 
Volume 
Total Are4~------~ 
Volume 
Total Area 
I Ht., L I w I 
Internal Vel, = ~ 
I Ht., L I w I 
External Vol. D 
- 276 -
35. What is the shelf area? 
No, x Length x Width = Area 
36. What combination of sink/draining board is 
in the kitchen? 
Single bowl no drainer 
Single bowl single drainer 
Single bowl double drainer 
Double bowl no drainer 
Double bowl single drainer 
Double bowl double drainer 
36a. Is the draining board ribbed or smooth 
Kitchen Table 
37. If kitchen table is extendable give smallest and 
extended measurements to nearest cm. 
Smallest 
Extended 
Total Area 
Length 
Width 
Length 
Width 
38. Place a tick besideS the following items found in the kitchen, 
Boiler gas/oil - Heating 
Stove coal/coke - Heating 
Stove coal/coke - cooking 
Electric hob unit 
Gas hob unit 
../ Ht L W Vol 
8 
F D 
- 277 -
38 contd, 
Electric eye-level 
Gas eye-level oven 
Electric Cooker 
Gas Cooker 
Portable Grill 
Eye-level grill 
Low-level grill 
Electric kettle 
Electric toaster 
Electric frying pan 
Electric deep fry 
Electric casserole 
Electric coffee pot 
Electric food mixwr 
Electric hot plate 
Washing Machine 
Spin drier 
Hot air drier 
Drying Cabinet 
oven 
Other electrical items 
t.ist following: 
39, Vegetables and fruit (fresh). 
./ 
Vegetables root (potatoes, turnips etc.) 
9 
Ht L W Vel F D 
Type (name) Wt.lbs p, : ·. 
Total Weight 
- 278 • 
40. Qu~tity stored elsewhere. lbs. 
Quantity 
Where stored • • • • • • • • • 
• • • • • • • • • • • • • • • • 
41. Vegetables green (cabbages, peas etc ). lbs. 
Quantity 
lbs; 
42. Hard fruits (apples etc.) Quantity 
4}. Soft fruits lbs. 
Quantity 
10 
- 279 -
Canned goods (vegetables) 
Ht L w Vol No Vol X No F D Ht Vol 
Volume Total 
I 
Ht L w Vol No Vol x No F D Ht Vol 
Volume Total · 
I 
Ht L w Vol No Vol x No F D Ht Vol 
• 
Volume Total 
11 
- 280 -
APPENDIX B. 
Storage survey data encoding sheets. 
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1\J 
~ 
I,D. CODE IX I I I I (6) 
Q 1. Member C.A. Yes ~ 1, no a 2 1- (7) Q 
2. Survey daY---------------------·r- (8) 20. 
3. Dwelling type________________ (9) 
4. Years in house_____________ (11 
S. Occupants,Adults---------------·1- (12 
Children 5 - 15----------------·1- (13 21. 
Children 2 - 4-----------------·1- (14 
Children - 2-------------------·1- (15 22. 
-6. Age of housewife ---------------·1- (16 23. 
7. Occupation---------------------·1- (17 
8. kitchen storage ________________ 1- (18 24. 
9. Units, Yes = 1, no = 2--------- 1-- ( 19 
la. Wall units--------------------- 1-- (20 
11. 
12. 
base units--------------------- 1-- (21 
free standing cupboards ---------1- (22 Q 
Outside store Yes = 1, no = 2 ___ 1- (23 25 
Self 1, Landlord = 2----------- (24 
13. Housewifes Ht (Cm)____ (29 
14. 
15. 
16. 
17. 
18. 
Reach Ht. (cm) --------r-+-+-l-+-4 (34 
Money spent on food___ (39 
Q 
Shopping frequency------------- 1-- (40 
25 
Daily purchases, Milk.----:- 1- (41 
Yes = 1 
No = 2 
Bread ---------------·t- (42 
Eggs --------:---------1- (43 
Meat/fish------- (44 Q 
Arnoun ts Milk p ts ---------- ( 4 7 26 
Bread loaves---------- (50 
Eggs Nos.-------------- (52 
Meat/ fish lbs -----r--r--l-t-l--4 (S~ Q 
19. Kitchen measurements L • (60 26 
Width 
Effective floor space L 
w 
Repeat Code 2 
Wk top area L.---------
w.-----,----
Ht. of wk top----------
Draining board L.------
w .---------
Ht of sink-------------
N L w 
• • 
. . 
. • 
Repeat code 3 
. 
. 
. 
N L 
. 
. 
Repeat code 
I I I 11 !:I I I 
• (65) 
. (70) 
. I 05l 
(6) 
. (11) 
. (16) 
. (2t) 
. (21l) 
. (30) 
. (35) 
H 
. SO) 
• 65) 
. 80) 
(6) 
. (21) 
. (36) 
. (51) 
w 
. (62) 
. (73) 
I : I I"' ' ' (28) 
Q 
26. 
Q 
27 
Q 
27 
N L w 
111111:1111:1 
N L w D 
Ill I I : I Ill : 11 11: I 
Repeat Code 5 
• • • 
• . . 
• . . 
N L W H 
~J Ill f I :Ill I : 11111: I 
Q 
28 
Repeat Code 
. 
. 
. 
. 
6 
. . 
. • 
. . 
. • 
1(39) 
(50) 
1(64) 
(78) 
(6) 
(20) 
(34) 
(48) 
1(64) 
(80) 
(6) 
(22) 
(38) 
(54) 
(70) 
Repeat Code J71 I I I I 1<6> 
Q 
29 
N L W 
11111:1111:1 I'"' (26) (36) 
Q 
29 
N L W 
11111:1111:1 I"" (56) (66) 
Repeat code-------lBI l I I I I 
Ht L W or Vol 
r- n~ L. w .F D 
--l- {7) 
. (25) 
. 
Repeat code----------- I 4 
~4a [ I I 1·1 I I I 1·1 I I I j ·I bn IH--1-+-+! '+++++-+-t-.--+--1--+-1-1-H 
N L W . . 
Q 
35 
(43) 
11111: 11111: 11;::: 1'=--'~Re "==eak=t c'==':~b!e __ b! __='-___ ~ __=k·~--=FI=I=;S;;FI =i=:o1=-·-h .,, ~ 
~ol .--.,-I .,_I I· I I I I I· I I I I I· I kn> Repeat code------ LI_J._I 1-l.._J_L+-1{7) 
N L w 
. 
• (33) . I 
• • (45) 
1\J • • (57) 
' & C- • • (69) 
Repeat code------j9j j . I I I K6) 
Ht L W (61) 
;4 rrmrn 1 i 1 1·1 b2) ._I_ ___ .,l_.-'--LJ.......l..-L-l'--'-..l.._L--l--!._'--.l~(79) 
Q38. yes = 1, No = 2. 
• 
. . J..J=e9> 
Repeat code---------- I 7 I I (7) 
· I · ! I · 1 _ (25 > ~ . · . , --m (43) 
Ht l W or Vol ~P--r-~H_;_t~-.--..,-,L-,-,.--,--.---r-W,-,--rF-rlD · · I i _l I (61) 
j2 r-! ..--, .;..:.:1 I· I I I I 1·1 I I I 1·1 ~21> • • I . (47) '=-= i I I - JJJ.J.;,"~l-=~ 
\ • • \ 
1 
• ( 65 ) · Repeat code----------- ~ 1 L.J_t_l__ (7) h-'RT'e:t:;pe~aT-t -=rco~d~e ..,---,-:;--r--l-1 +T 2++-i-t--H( 7) f-- + I · · l_t+J-~L- ( 2 5) 
H-+-+-t-'-t-1-+-+-+-'·T1--+-+--+-+-~I-+-t<25) · · ·tHJ- <43) 
• I · · (43) • · _1 <61 H-+-+-t-++-+--i-t--+--+-+-1--1-+-+--l-1 I ~ f 11-
• • (61) • l' ---J-=l--+1__._ (79) 
H-++-+-J. ++-H-+-f-+-IH--t-~H(?9) Repeat code-----------~EIJ 1 lJ.:.= (7) b!dd:b!d:bb:!d::bL.:...b:hkdd:d:!d:=b=hh4~:;:!=t=l=+=4=~::_ T Wt :~ 
Ret eat code 1-l--+-l(7) Q39 ;--r-T---
H-1--+--H' -+-+-+-+-+-+--t--lf--r-+-+-c!-1(25) Potatoes = 1 J ___ ~_:.J_1 __ (14) 
Turnip/swede = 2 j_' I ! ·.l_L_ (21) 
Carrot/parsnip = 3 J j' • j·_l_ (28 Onions = 4 
Others = 5 
I I • . 
! i ! • ' 
T Wt F 
Q39. 
Wt 
Q40. I I I I I ·I 1 
Wt 
Q41. I I I I I • I I 
Wt 
Q42. I I I I 1 ·I 1 
Wt 
Q43. 
Repeat code 12 Ol I I I m Repeat code f2 7 I r 1{7) 
Cat Ht L w No FD Cat Ht L w No FD 
. . • (27) 
' • 
. (27) 
. . . (47) 
• • 
. (47) 
(67) -. • • • • . (67) 
Repeat code 2 I (7) Repeat code 2 8 (7) 
. . • (2 7) . • . (27) 
. . . (47) . . . (47) 
• 
. . (67) • . . (67) 
Repeat code 2 2 (7) Repeat code 2 9 (7) 
. . . (27) . • • . (27) 
. . . (47) • • . (47) 
• 
. . (6 7) • . . (6 7) 
N 
& 
Repeat code 2 3 (7) 
• . . (27) 
Repeat code 3 p (7) 
• • 
. (27) 
. . • (47) • • . (47) 
. . . (67) • • • (6 7) 
Repeat code 2 14 (7) Repeat code 3 I . (7) 
• . • (27) . • . (27) 
. . • (47) . • • (47) 
. . . (67) • . . (67) 
Repeat code 2 5 (7) Repeat co~e 3 2 (7) 
. • 
. (27) . . • (27) 
• . • (47) . • . (47) 
• . . (67) • . • (67) 
Repeat code 2 6 (7) Repeat code 3 3 (7) 
• . 
. (27) . • . (27) 
• • • (47) . . • (47) 
• . • (67) . • • (67) 
N 
CX> 
<1' 
I 
Cat 
Repeat code 
Ht 
. 
. 
. 
Repeat code 
. 
. 
• 
Repeat code 
. 
. 
• 
Repeat code 
• 
• 
. 
Repeat code 
• 
• 
. 
Repeat code 
. 
• 
• 
Repeat code 
• 
• 
• 
L 
. 
. 
• 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
• 
. 
. 
. 
• 
. 
L3 4 I 
w No FD 
• 
• 
• 
3 5 
• 
. 
. 
3 6 
. 
. 
. 
3 7 
• 
• 
• 
3 8 
• 
• 
. 
3 9 
• 
• 
• 
4 p 
• 
• 
• 
(7) Repeat code 411 I (7) 
Cat Ht L w No FD 
(27) • . . (27) 
(47) • • . (47) 
(6 7) • • . (67) 
(7) Repeat code 4 2 (7) 
(27) . • . (27) 
(47) • . . (47) 
(67) • . . (67) 
(7) Repeat code 4 3 (7) 
(27) • • . (27) 
(4 7) • • . (47) 
(6 7) • . . (67) 
(7) Repeat code 4 4 (7) 
(27) 
• 
. . (27) 
(47) • • . (47) 
(67) • • • (6 7) 
(7) Repeat code 4 5 (7) 
(27) . • . (27) 
(47) . • • (47) 
(67) • . . (6 7) 
(7) Repeat code 4 6 (7) 
(27) . . . • (27) 
(47) . . . (47) 
(67) 
• 
. • (67) 
(7) . Repeat code 4 7 (7) 
(27) . • . (27) 
(47) • . • (47) 
(6 7) . . • (67) 
N 
00 
"-l 
. 
Rlpeat code 
Cat Ht 
. 
. 
. 
. Repeat code 
. 
. 
• 
Repeat code 
. 
. 
• 
Repeat code 
• 
• 
• 
Repeat code 
• 
• 
. 
Repeat code 
• 
• 
• 
Repeat code 
• 
• 
• 
L 
. 
. 
• 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
• 
. 
. 
. 
• 
. 
418 I I (7) 
w No FD 
• (27) 
. (47) 
• (67) 
4 9 (7) 
• (27) 
. (47) 
. (67) 
50 (7) 
• (2 7) 
. (47) 
. (6 7) 
5 I (7) 
• (27) 
• (47) 
. (6 7) 
5 2 (7) 
• (27) 
• (47) 
. (67) 
5 3 (7) 
. (27) 
• (47) 
. (6 7) 
5 4 (7) 
. (27) 
• (47) 
• (67) -
Repeat code SIS I (7) 
Cat Ht L w No FD 
' 
• 
. (27) 
• • 
. (47) 
• • 
. (67) 
Repeat code 5 6 ( 7) 
• • 
. (27) 
• . 
. (47) 
• . . (6 7) 
Repeat code 5 7 (7) 
• • 
. (2 7) 
• • 
. (47) 
• . . (6 7) 
Repeat code 5 8 (7) 
• 
. . (27) 
• • . 
(47) 
• • • 
(67) 
Repeat code 5 9 (7) 
. • • (2 7) 
. • • (47) 
. • . (6 7) 
Repeat code 6 p (7) 
. . . • (27) 
. • • 
(47) 
. . • (6 7) 
Repeat code 6 I (7) 
. . . (27) 
. . • (47) 
. • • (67) 
1\J 
0> 
0> 
Repeat code 
Cot Ht 
Reoeat code 
. 
Repeat code 
Repeat code 
Repeat code 
Repeat code 
Reoeat code 
L 
. . 
• . 
. • 
. . 
• 
. 
• 
. 
. . 
. . 
. . 
• . 
. . 
. . 
• . 
. . 
. . 
• • 
• . 
• . 
• . 
• • 
• . 
6(21 I (7) 
w No FD Cat 
• (27) 
• (47) 
• (67) 
6 3 (7) 
• (27) 
. (47) 
• (6 7) 
6 4 (7) 
. (27) 
• (47) 
• (6 7) 
6 5 (7) 
• (27) 
• (47) 
. (6 7) 
16 16 (7) 
• (27 
. (47 
. (67 
ID I' · .. CTT 
. (27 
. (47) 
• (6 7) 
6 8 (7) 
. (27 
• (47 
• (67 
Repeat code I~ 191 (7) 
Ht L w No F D 
• • 
. (27) 
• • 
. (47) 
• • . (6 7) 
Repeat code 7 0 (7) 
. 
.. 
• 
. (27) 
• . . (47) 
• • • (6 7) I 
Repeat code 7 I (7) 
• • 
. (27) 
• . . 
-:-. 
(47) 
• • 
. (6 7) I 
Repeat code 7 2 (7) I 
' 
• 
. . (27) 
i- (47) 
• . . 
• • • (6 7) 
Repeat code 7 3 (7) 
. • . (27) 
. • 
. 
• (47) 
• 
. . (67) 
Repeat code 7 4 (7) 
. . • 
(27) 
. • . (47) 
. . . (6 7) 
Repeat code 7 5 (7) 
. . . (27 
I . . . (47 
' (67) : . • • 
I I I I 
Cat Ht l w No F 0 Cat Ht L w No F D 
. . • • . . 
. . • • • 
. 
. • • • . . . 
. . • • • 
. 
. . . • . . 
• 
. . • . . 
. . • • • 
. 
. . . • • 
. 
• 
. • • . . 
1\l 
& 
• . . • • 
. 
I 
• . • • • . 
. 
• • • • • 
• . • . • • 
. . • . • • 
. . . . . . 
. 
. • • • 
. 
• • 
• . • . • • 
• . • . . • . 
• . • 
. . • 
• • • • • • 
• . • . • • 
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University of Technology 
WUGHBOROUGH LEICBSTBRSHIRE LEn 3TU Tcl: OJ<>-9!63171 Telex 34319 T<legranu Technology Loughborough 
DEPARTMENT OF ERGONOMICS AND CYBERNETICS 
INSTITUTE FOR CONSUMER ERGONOMICS. 
NATIONAL ANTHROPOMETRIC SURVEY OF ADULT FEMALE POPULATION 
1. Measurements to be taken and recorded 
(a) Height (Unshod) 
(b) Weight (Unshod, in indoor clothing) 
(c) Vertical reach (Unshod) 
(d) Forward reach 
(e) Distance from floor to elbow (Unshod) 
2. Method (NB) All measurements are to be recorded to the nearest 
0.5 cm/1/4 inch, with the subject in stockinged feet, 
and where applicable all measurements are to be taken 
on the left-hand side of the body. WJ cerever possible 
metric system should be used throughou~ for all measure-
ments, However, we realise that metric scales and 
weights will not be available to every survey team. 
In these cases British units will be used. The units 
used must be indicated on the data proforma. 
(a) Height 
With the subject in 
stockinged feet measure 
to the highest point of 
the head in the sagittal 
or midline plane, i.e. 
from front to back. 
N.B. not across width 
of the head, 
- 291 -
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(b) Weight 
Without shoes and in indoor clothing record weight to 
nearest 1/4 lb. or o. 1. kilo. 
(c) Vertical reach height 
Place the measuring chart 
on a vertical wall in accord-
ance with the instructions on 
the chart. Position the 
subject as shown in the dia-
gram with toes touching wall 
and arms parallel overhead. 
Measure to the tip of the 
longest finger of the left-
hand. Subject must keep 
both feet (unshod) fully in 
contact with floor. 
0 
NB. The observer should 
stand on a chair or 
stool to ensure that 
his eye· level is on the 
same horizontal plane 
as the measurement re-
corded. 
1\ 
(d) Forward reach at shoulder level 
(From front of body) 
Place the measuring chart on 
the door in accordance with 
the instructions on the chart 
and position the subject as 
shown in the diagrams, as close 
up to the edge of the door as 
possible. Measure to tip of 
longest finger of left-hand. 
(e) Floor to elbow 
With the subject standing 
(unshod) with upper arm 
vertical and forearm para-
llel to the floor. 
Measure the distance from 
the floor to the olecranon 
(lowest bony protruberance 
of the elbow) of the left 
arm. 
. 
0 
NAME OF Age (a) (b) (c) (d) (e) / 
SUBJECT Code Height Weight Vertical Forward Floor 
(See last cm Kilos reach reach to CODE AGE 
column) or or height cm. Elbow ins. lbs. 
-
cm. cm. or ins. 
-
A 
- 18 
B - 19 
c - 20 
D - 21 
E - 22 
F - 23 
G - 24 
H - 25 
I - 26 - 30 
J - 31 - 35 
K - 36 - 40 
L - 41 - 45 
I M - 46 - 50 
N N - 51 - 55 ~ 0 - 56 - 60 
I p 
- 61 - 65 
R - 66 - 70 
s - 71 - 75 
T - 76 - 80 
u - 80+ 
Indicate unit of measurement. 
Height - Inches/Cm. 
Floor - Elbow - Inches/Cm. 
Weight - lbs./Kg. 
De le te as applicable. 
APPENDIX D. 
Anthropometry of British Women. 
Survey Results 
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Stature 
Table 32 Statistical values for stature 
Number in Standard 
Age Sample Mean Deviation Range 
18 1689 163.13 6.36 124.5 - 184.2 
19 1487 163.68 6.07 134.0-183.0 
20 1017 163.62 6.18 141.0-184.0 
21 358 163.69 6.67 145.0-188.0 
22 157 162.65 7.00 147.0-177.0 
23 140 161.58 7.37 140.0-190.5 
24 92 161.40 5.90 142.0-174.0 
25 92 159.72 6.87 135.0-172.7 
26-30 294 162.97 6.70 141.0-182.9 
31-35 285 162.37 6.51 139.0-188.0 
36-40 353 161.93 6.55 141.5-179.7 
41-45 330 161.56 7.54 139.0- 190.5 
46-50 268 161.10 6.53 144.0-181.5 
51-55 209 159.83 6.46 133.5- 176.0 
56-60 152 159.44 6.22 143.0-174.5 
61-65 140 158.54 6.78 137.0-177.0 
66-70 71 160.03 6.45 144.0-17d 0 
71-75 31 156.77 6.41 140.0-167.6 
76+ 22 150.57 6.77 139.5-167.0 
All ages 7187 162.63 6.61 124.5-190.5 
Table 3 3 Percentile values for stature 
Age 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Percentile 
1st 
148.5 
149.5 
148.5 
146.5 
149.5 
140.5 
142.5 
135.5 
149.5 
144.5 
147.5 
141.5 
146.5 
140.5 
145.5 
137.5 
144.5 
120.5 
120.5 
146.5 
2.5th 
151.5 
152.5 
151.5 
150.5 
150.5 
147.5 
148.5 
139.5 
151.5 
149.5 
150.5 
145.5 
149.5 
147.5 
148.5 
144.5 
145.5 
140.5 
140.5 
150.5 
5th 
152.5 
154.5 
153.5 
152.5 
151.5 
150.5 
151.5 
150.5 
152.5 
152.5 
151.5 
150.5 
150.5 
149.5 
149.5 
147.5 
151.5 
147.5 
140.5 
152.5 
10th 
155.5 
157.5 
156.5 
155.5 
153.5 
152.5 
153.5 
152.5 
154.5 
155.5 
154.5 
152.5 
152.5 
152.5 
151.5 
150.5 
152.5 
147.5 
142.5 
154.5 
20th 
158.5 
159.5 
158.5 
159.5 
15(1.5 
156.5 
157.5 
155.5 
158.5 
158.5 
157.5 
155.5 
155.5 
155.5 
154.5 
152.5 
154.5 
151.5 
145.5 
157.5 
30th 
160.5 
161.5 
160.5 
161.5 
159.5 
157.5 
159.5 
157.5 
160.5 
160.5 
159.5 
158.5 
158.5 
157.5 
157.5 
155.5 
156.5 
154.5 
146.5 
160.5 
40th 
162.5 
162.5 
162.5 
162.5 
160.5 
160.5 
160.5 
159.5 
162.5 
161.5 
160.5 
160.5 
159.5 
159.5 
158.5 
157.5 
158.5 
155.5 
147.5 
161.5 
50th 
163.5 
164.5 
164.5 
164.5 
163.5 
161.5 
162.5 
160.5 
163.5 
163.5 
162.5 
162.5 
161.5 
160.5 
160.5 
160.5 
160.5 
157.5 
149.5 
163.5 
60th 
165.5 
165.5 
165.5 
165.5 
165.5 
163.5 
163.5 
161.5 
164.5 
164.5 
163.5 
164.5 
163.5 
161.5 
161.5 
161.5 
162.5 
159.5 
151.5 
164.5 
70th 
166.5 
167.5 
167.5 
167.5 
168.5 
165.5 
165.5 
163.5 
166.5 
165.5 
165.5 
166.5 
165.5 
163.5 
163.5 
162.5 
163.5 
160.5 
154.5 
166.5 
BOth 
169.5 
169.5 
169.5 
169.5 
169.5 
168.5 
166.5 
166.5 
168.5 
168.5 
167.5 
168.5 
166.5 
165.5 
164.5 
164.5 
166.5 
162.5 
155.5 
168.5 
90th 
171.5 
171.5 
171.5 
172.5 
173.5 
171.5 
169.5 
168.5 
172.5 
171.5 
170.5 
171.5 
169.5 
168.5 
168.5 
166.5 
170.5 
166.5 
160.5 
171.5 
95th 
174.5 
174.5 
173.5 
174.5 
174.5 
174.5 
170.5 
169.5 
175.5 
173.5 
173.5 
173.5 
171.5 
170.5 
170.5 
169.5 
170.5 
166.5 
161.5 
173.5 
97.5th 
175.5 
176.5 
175.5 
177.5 
175.5 
176.5 
172.5 
171.5 
175.5 
174.5 
175.5 
175.5 
174.5 
172.5 
170.5 
172.5 
171.5 
167.5 
161.5 
175.5 
99th 
177.5 
178.5 
177.5 
178.5 
175.5 
177.5 
173.5 
171.5 
180.5 
177.5 
177.5 
178.5 
177.5 
174.5 
173.5 
175.5 
172.5 
168.5 
167.5 
177.5 
I 
~ 
Table 3 4 Statistical values for weight 
Age 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Number in 
Sample 
1689 
1487 
1017 
358 
157 
140 
92 
92 
294 
285 
353 
330 
268 
209 
152 
140 
71 
31 
22 
7187 
Mean 
58.04 
59.44 
59.46 
58.85 
58.50 
56.37 
56.64 
59.47 
59.39 
60.64 
62.04 
63.53 
63.07 
62.55 
63.98 
62.75 
63.30 
58.68 
55.09 
59.74 
Standard 
Deviation 
7.7486 
7.8727 
8.0506 
7.8699 
8.8021 
7.3919 
8.3873 
9.7751 
8.4222 
9.3053 
9.0215 
9.6576 
9.5692 
8.4534 
9.6104 
10.2160 
7.4946 
7.5223 
10.2453 
8.5305 
Range 
39.95 - 96.00 
37.00- 99.88 
38.14- 95.57 
40.86 - 92.00 
34.96- 92.62 
39.50- 79.60 
43.13 - 88.98 
44.45- 97.50 
38.14- 96.25 
43.58- 99.43 
41 .00 - 94.89 
39.50-100.33 
42.00 - 94.55 
45.30-104.87 
38.82-100.79 
40.86- 93.00 
49.26- 82.63 
43.13- 74.39 
39.04- 77.63 
34.96 - 1 04.87 
Weight 
Table 35 Percentile values for weight 
Ago 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Percentile 
1st 
44.50 
44.50 
44.50 
43.50 
41.50 
39.50 
43.50 
44.50 
44.50 
44.50 
45.50 
44.50 
44.50 
45.50 
46.50 
41.50 
49.50 
30.50 
30.50 
44.50 
2.5th 
45.50 
46.50 
47.50 
47.50 
45.50 
45.50 
44.50 
44.50 
45.50 
45.50 
46.50 
47.50 
47.50 
50.50 
48.50 
46.50 
50.50 
43.50 
39.50 
46.50 
5th 
47.50 
48.50 
49.50 
48.50 
47.50 
46.50 
46.50 
47.50 
48.50 
46.50 
49.50 
50.50 
49.50 
52.50 
50.50 
47.50 
52.50 
47.50 
39.50 
48.50 
10th 
49.50 
51.50 
51.50 
50.50 
49.50 
48.50 
48.50 
50.50 
50.50 
50.50 
51.50 
53.50 
52.50 
54.50 
52.50 
50.50 
53.50 
50.50 
41.50 
50.50 
20th 
51.50 
53.50 
53.50 
52.50 
51.50 
50.50 
51.50 
53.50 
53.50 
53.50 
55.50 
55.50 
55.50 
56.50 
56.50 
54.50 
58.50 
52.50 
41.50 
53.50 
30th 
54.50 
55.50 
55.50 
54.50 
53.50 
52.50 
52.50 
54.50 
55.50 
55.50 
57.50 
58.50 
57.50 
58.50 
59.50 
57.50 
59.50 
54.50 
49.50 
55.50 
40th 
55.50 
57.50 
56.50 
56.50 
55.50 
54.50 
54.50 
57.50 
56.50 
57.50 
59.50 
60.50 
60.50 
59.50 
61.50 
60.50 
60.50 
54.50 
51.50 
57.50 
50th 
57.50 
59.50 
58.50 
58.50 
58.50 
56.50 
55.50 
57.50 
58.50 
59.50 
61.50 
63.50 
62.50 
61.50 
63.50 
63.50 
61.50 
57.50 
54.50 
59.50 
60th 
59.50 
60.50 
60.50 
60.50 
60.50 
57.50 
56.50 
59.50 
60.50 
62.50 
63.50 
65.50 
64.50 
64.50 
65.50 
64.50 
64.50 
61.50 
58.50 
61.50 
70th 
61.50 
63.50 
63.50 
62.50 
62.50 
59.50 
58.50 
61.50 
63.50 
64.50 
66.50 
67.50 
67.50 
65,50 
67.50 
66.50 
67.50 
61.50 
60.50 
63.50 
80th 
64.50 
65.50 
65.50 
65.50 
64.50 
62.50 
62.50 
63.50 
66.50 
69.50 
69.50 
71.50 
70.50 
68.50 
71.50 
70.50 
69.50 
65.50 
65.50 
66.50 
90th 
68.50 
69.50 
70.50 
69.50 
68.50 
67.50 
66.50 
70.50 
70.50 
74.50 
73.50 
75.50 
77.50 
73.50 
76.50 
76.50 
74.50 
70.50 
67.50 
70.50 
95th 
73.50 
73.50 
74.50 
73.50 
76.50 
69.50 
69.50 
78.50 
75.50 
78.50 
79.50 
79.50 
81.50 
76.50 
79.50 
82.50 
76.50 
70.50 
71.50 
75.50 
97.5th 
76.50 
78.50 
80.50 
75.50 
82.50 
74.50 
84.50 
89.50 
80.50 
80.50 
85.50 
83.50 
84.50 
83.50 
85.50 
88.50 
78.50 
74.50 
71.50 
80.50 
99th 
81.50 
83.50 
84.50 
83.50 
82.50 
77.50 
86.50 
95.50 
83.50 
83.50 
86.50 
92.50 
89.50 
88.50 
88.50 
91.50 
82.50 
74.50 
78.50 
86.50 
I 
N 
'J) 
'J) 
Forward reach 
Table 36 Statistical values for forward reach 
Number in Standard • • --·-c---,---"·--:--·...,.......-··..,-··---,~........., 
Age Samp!e Mean Deviation Range . I '.·I· i 'I ' 
" I' 
' ' !; 1.! i ' 18 1689 61.07 5.45 44.5-78.0 I' 'i ·:_i 
• !I i. 
19 1487 61.04 5.07 42.5-76.5 
20 1017 61.80 5.21 43.0-77.0 
21 358 60.75 5.42 44.5-76.5 
' : ) 
22 157 60.32 5.51 47.0-77.0 
23 140 60.03 5.24 46.0-74.0 
24 92 59.95 4.93 46.0-76.0 
25 92 59.29 5.05 47.5-76.5 
26-30 294 59.69 5.65 46.0-79.0 
31-35 285 59.93 4.88 44.0-75.0 
36-40 353 60.00 5.29 47.0-77.0 
41-45 330 59.20 5.88 45.0-77.0 
46-50 268 59.15 5.81 45.0-77.0 
51-55 209 59.22 6.02 44.5-77.5 
56-60 152 57.37 5.68 45.5-76.0 
61-65 140 58.37 6.51 45.0-77.0 
66-70 71 56.65 6.16 45.5-76.5 
71-75 31 57.32 5.88 47.5-74.0 
76+ 22 53.09 7.73 42.0-75.0 
All ages 7187 60.50 5.52 42.0-79.0 
I 
8 
Table 3 7 Percentile values for forward reach 
Age 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Percentile 
1st 2.5th 
49.3 51.2 
49.7 51.7 
50.3 52.2 
49.7 51.2 
48.2 49.3 
46.3 50.3 
46.3 51.7 
47.8 50.3 
47.3 49.3 
49.7 50.7 
48.8 51.2 
45.7 49.7 
47.8 50.3 
45.3 48.8 
46.8 47.8 
45.3 46.3 
45.7 47.3 
40.3 47.8 
40.3 42.2 
48.2 50.3 
5th 
52.8 
53.2 
53.2 
52.8 
51:2 
52.2 
52.2 
52.2 
51.2 
52.2 
52.2 
51.2 
51.2 
50.7 
49.3 
48.8 
48.2 
49.7 
42.2 
52.2 
10th 
54.7 
55.2 
55.2 
54.3 
54.3 
54.3 
54.3 
52.8 
52.2 
53.7 
53.2 
52.2 
52.2 
53.2 
51.7 
51.7 
48.8 
49.7 
43.3 
53.7 
20th 30th 
56.7 58.3 
57.2 58.3 
57.7 59.2 
56.2 58.3 
56.7 57.7 
55.8 57.2 
54.7 57.2 
56.2 . 57.2 
55.2. 56.7 
55.2 57.7 
55.8 57.2 
. 53.7 56.2 
54.7 56.2 
55.2 56.2 
52.8 54.3 
53.2 55.2 
52.2 53.2 
52.8 53.2 
44.2 48.2 
56.2 57.7 
40th 
59.8 
59.8 
60.2 
59.2 
59.2 
58.7 
59.2 
58.3 
58.3 
59.2 
58.3 
57.2 
57.2 
57.2 
55.8 
56.2 
55.2 
54.3 
50.7 
59.2 
50th 
61.3 
61.3 
61.7 
60.2 
60.2 
60.2 
60.2 
59.2 
59.8 
60.2 
60.2 
58.7 
58.3 
58.3 
56.7 
58.3 
56.2 
55.8 
53.2 
60.2 
60th 
62.2 . 
62.2 
63.2 
61.7 
61.3 
61.3 
62.2 
60.2 
60.7 
61.7 
61.7 
61.3 
60.2 
59.8 
58.3 
59.2 
57.7 
58.7 
54.7 
62.2 
70th 
64.2 
63.7 
64.7 
63.2 
62.8 
63.2 
62.8 
61.3 
62.2 
62.8 
63.2 
62.8 
61.7 
60.7 
59.2 
61.3 
59.2 
60.2 
55.2 
63.2 
80th 
65.7 
65.2 
66.2 
65.2 
65.2 
65.2 
63.7 
62.2 
.64.7 
64.2 
64.2 
64.2 
64.7 
63.7 
62.2 
62.8 
61.3 
62.2 
58.3 
65.2 
90th 
68.7 
68.2 
69.2 
68.2 
67.2 
66.7 
65.2 
66.2 
67.2 
66.2 
67.2 
66.7 
66.2 
68.2 
65.2 
66.2 
63.7 
65.2 
63.2 
68.2 
95th 
70.7 
69.7 
70.7 
71.2 
70.2 
69.2 
66.2 
68.2 
70.2 
67.7 
69.2 
69.2 
70.2 
70.7 
68.2 
72.2 
67.2 
66.2 
64.2 
70.2 
97.5th 
72.2 
71.7 
72.2 
72.2 
73.2 
71.7 
70.2 
72.2 
72.2 
69.7 
71.2 
72.2 
74.2 
72.7 
69.2 
76.2 
72.2 
67.7 
64.2 
72.2 
99th 
75.2 
73.2 
74.2 
74.2 
75.2 
72.2 
72.2 
73.2 
74.2 
71.2 
73.2 
75.2. 
75.2 
75.2 
71.2 
76.7 
73.2 
74.2 
75.2 
74.7 
Table 3 8 Statistical values for vertical reach 
Age 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Number in 
Sample 
1689 
1487 
1017 
358 
157 
140 
92 
92 
294 
285 
353 
330 
268 
209 
152 
140 
71 
31 
22 
7187 
Mean 
203.27 
204.27 
204.47 
203.76 
202.83 
200.60 
200.40 
200.22 
202.82 
202.24 
201.60 
200.98 
200.30 
198.79 
197.90 
196.41 
196.08 
192.29 
184.84 
202.62 
Standard 
Deviation 
8.94 
8.37 
8.56 
9.22 
9.15 
8.86 
8.45 
8.93 
9.88 
9.21 
9.30 
10.06 
9.37 
8.44 
9.97 
9.46 
10.07 
10.23 
9.48 
9.25 
Range 
174.0- 231.5 
172.0-231.0 
179.5- 230.0 
177.5-227.0 
181.5- 224.0 
177.5 - 221.0 
178.0- 218.0 
173.0-220.0 
175.0- 230.0 
177.0 - 222.5 
173.0- 231.0 
176.0- 231.0 
177.0- 224.5 
172.0-219.5 
172.5- 231.5 
175.0 - 218.0 
173.0- 215.0 
173.0-212.0 
17) .5 - 208.5 
171.5-231.5 
Vertical reach 
Table 3 9 Percentile values for vertical reach 
Age 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Percentile 
1st 
183.5 
183.5 
184.5 
182.5 
182.5 
177.5 
178.5 
173.5 
181.5 
180.5 
180.5 
177.5 
177.5 
180.5 
174.5 
175.5 
173.5 
170.5 
170.5 
180.5 
2.5th 
185.5 
187.5 
186.5 
186.5 
185.5 
185.5 
182.5 
176.5 
182.5 
184.5 
183.5 
181.5 
182.5 
180.5 
179.5 
177.5 
177.5 
173.5 
171.5 
184.5 
5th 
188.5 
191.5 
190.5 
188.5 
188.5 
187.5 
185.5 
187.5 
186.5 
187.5 
187.5 
185.5 
185.5 
185.5 
183.5 
180.5 
179.5 
174.5 
171.5 
187.5 
10th 
191.5 
194.5 
193.5 
191.5 
191.5 
189.5 
188.5 
188.5 
190.5 
190.5 
190.5 
187.5 
188.5 
188.5 
185.5 
183.5 
181.5 
176.5 
172.5 
191.5 
20th 
196.5 
198.5 
197.5 
196.5 
194.5 
193.5 
194.5 
193.5 
195.5 
194.5 
194:5 
192.5 
192.5 
192.5 
189.5 
188.5 
184.5 
184.5 
174.5 
195.5 
30th 
199.5 
200.5 
200.5 
199.5 
196.5 
195.5 
196.5 
197.5 
197.5 
198.5 
197.5 
195.5 
196.5 
194.5 
193.5 
191.5 
191.5 
185.5 
179.5 
198.5 
40th 
201.5 
202.5 
202.5 
202.5 
200.5 
197.5 
200.5 
198.5 
200.5 
200.5 
199.5 
198.5 
198.5 
197.5 
196.5 
195.5 
194.5 
188.5 
180.5 
200.5 
50th 
203.5 
204.5 
205.5 
203.5 
203.5 
200.5 
200.5 
200.5 
202.5 
202.5 
201.5 
202.5 
200.5 
199.5 
198.5 
197.5 
197.5 
191.5 -
185.5 
203.5 
60th 
205.5 
206.5 
207.5 
206.5 
205.5 
202.5 
204.5 
202.5 
205.5 
205.5 
203.5 
205.5 
204.5 
201.5 
200.5 
199.5 
200.5 
195.5 
185.5 
205.5 
70th 
208.5 
208.5 
209.5 
209.5 
209.5 
206.5 
205.5 
205.5 
208.5 
207.5 
205.5 
207.5 
205.5 
203.5 
202.5 
202.5 
202.5 
199.5 
187.5 
208.5 
80th 
211.5 
211.5 
212.5 
211.5 
211.5 
209.5 
207.5 
207.5 
211.5 
210.5 
209.5 
209.5 
209.5 
206.5 
205.5 
205.5 
205.5 
202.5 
191.5 
211.5 
90th 
215.5 
215.5 
215.5 
215.5 
214.5 
211.5 
210.5 
212.5 
216.5 
214.5 
214.5 
214.5 
212.5 
210.5 
211.5 
208.5 
208.5 
207.5 
195.5 
214.5 
95th 
218.5 
218.5 
218.5 
219.5 
218.5 
215.5 
212.5 
214.5 
219.5 
217.5 
217.5 
217.5 
215.5 
213.5 
214.5 
212.5 
210.5 
208.5 
202.5 
217.5 
97.5th 
220.5 
220.5 
220.5 
221.5 
220.5 
218.5 
217.5 
216.5 
222.5 
220.5 
220.5 
219.5 
219.5 
215.5 
217.5 
213.5 
212.5 
209.5 
202.5 
220.5 
99th 
223.5 
223.5 
223.5 
222.5 
221.5 
220.5 
218.5 
218.5 
225.5 
222.5 
222.5 
224.5 
221.5 
218.5 
219.5 
215.5 
214.5 
212.5 
208.5 
222.5 
I 
\)I 
a 
Elbow height 
Table 4'0 Statistical values for elbow height 
Number in Standard 
Age Sample Mean Deviation Range 
18 1689 101.15 4.78 76.0-119.0 
19 1487 101.27 4.63 80.0-119.0 
20 1017 101.15 4.68 83.0-114.0 
21 358 101.54 4.83 90.0-114.0 
22 157 101.28 5.50 85.0-115.0 
23 140 99.81 5.14 83.0-116.0 
24 92 99.21 4.91 85.5-111.0 
25 92 98.91 4.95 87.0-111.0 
26-30 294 100.70 5.03 87.0-118.0 
31-35 285 99.82 4.66 85.0-115.0 
36-40 353 99.98 4.94 82.0-113.0 
41-45 330 100.07 5.34 84.0-120.0 
46-50 268 99.69 4.97 82.0-114.0 
51-55 209 98.58 4.85 84.0-114.0 
56-60 152 97.95 4.91 79.0-116.0 
61-65 140 97.63 4.38 83.0-112.0 
66-70 71 97.77 5.22 85.5-110.0 
71-75 31 97.94 4.34 89.5-105.0 
76+ 22 93.36 6.34 84.0-113.0 
All ages 7187 100.60 4.94 76.0-120.0 
Table 41 Percentile values for elbow height 
Age 
18 
19 
20 
21 
22 
23 
24 
25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76+ 
All ages 
Percentile 
1st 2.5th 
89.5 92.5 
90.5 93.5 
90.5 92.5 
90.5 92.5 
90.5 92.5 
83.5 90.5 
86.5 87.5 
87.5 88.5 
89.5 90.5 
87.5 91.5 
89.5 91.5 
85.5 90.5 
88.5 90.5 
86.5 89.5 
85.5 89.5 
83.5 88.5 
86.5 88.5 
70.5 90.5 
70.5 84.5 
88.5 91.5 
5th 
94.5 
94.5 
94.5 
94.5 
93.5 
92.5 
92.5 
90.5 
93.5 
92.5 
92.5 
91.5 
91.5 
90.5 
91.5 
90.5 
90.5 
91.5 
84.5 
93.5 
10th 
95.5 
96.5 
95.5 
95.5 
94.5 
94.5 
93.5 
92.5 
94.5 
94.5 
94.5 
93.5 
93.5 
93.5 
92.5 
92.5 
91.5 
91.5 
87.5 
95.5 
20th 
97.5 
98.5 
97.5 
97.5 
96.5 
96.5 
95.5 
95.5 
97.5 
96.5 
96.5 
96.5 
96.5 
95.5 
94.5 
95.5 
92.5 
93.5 
88.5 
97.5 
30th 
99.5 
99.5 
99.5 
99.5 
98.5 
97.5 
97.5 
96.5 
98.5 
98.5 
98.5 
98.5 
97.5 
97.5 
96.5 
96.5 
95.5 
96.5 
90.5 
98.5 
40th 
100.5 
100.5 
100.5 
101.5 
100.5 
98.5 
98.5 
98.5 
100.5 
99.5 
99.5 
99.5 
99.5 
97.5 
97.5 
97.5 
Qfl.5 
97.5 
91.5 
100.5 
50th 
101.5 
101.5 
101.5 
102.5 
102.5 
100.5 
100.5 
99.5 
101.5 
100.5 
100.5 
100.5 
100.5 
99.5 
98.5 
98.5 
98.5 
99.5 
91.5 
101.5 
60th 
102.5 
102.5 
102.5 
103.5 
103.5 
101.5 
101.5 
101.5 
102.5 
101.5 
101.5 
102.5 
101.5 
100.5 
100.5 
99.5 
99.5 
100.5 
93.5 
102.5 
70th 
104.5 
104.5 
104.5 
104.5 
105.5 
102.5 
102.5 
102.5 
103.5 
102.5 
102.5 
103.5 
102.5 
101.5 
101.5 
100.5 
101.5 
100.5 
95.5 
103.5 
80th 
105.5 
105.5 
105.5 
106.5 
106.5 
105.5 
103.5 
103.5 
104.5 
104.5 
104.5 
105.5 
104.5 
102.5 
102.5 
100.5 
103.5 
101.5 
97.5 
105.5 
90th 
107.5 
107.5 
107.5 
108.5 
108.5 
106.5 
105.5 
105.5 
107.5 
106.5 
107.5 
106.5 
105.5 
105.5 
103.5 
103.5 
104.5 
104.5 
101.5 
107.5 
95th 
109.5 
109.5 
109.5 
110.5 
110.5 
108.5 
105.5 
106.5 
109.5 
107.5 
109.5 
108.5 
107.5 
106.5 
105.5 
105.5 
105.5 
104.§ 
104.5 
109.5 
97.5th 
110.5 
111.5 
110.5 
110.5 
112.5 
110.5 
110.5 
108.5 
111.5 
108.5 
110.5 
109.5 
108.5 
108.5 
107.5 
107.5 
106.5 
105.5 
104.5 
110.5 
99th 
112.5 
113.5 
112.5 
112.5 
113.5 
114.5 
110.5 
109.5 
113.5 
110.5 
111.5 
112.5 
112.5 
110.5 
108.5 
108.5 
108.5 
105.5 
113.5 
112.5 
Correlations 
Table 42 Correlation Coefficients 
Height/ V. Reach/ V. Reach/ F. Reach/ F. Reach/ F. Reach/ Elbow Ht./ ElbowHt./ Elbow Ht./ ElbowHt./ 
Age Weight Height Weight Height Weight V. Reach Height Weight V. Reach F. Reach 
18 .413 .839 .413 .385 .131 .511 .763 .359 .725 .307 
19 .409 .832 .409 .417 .157 .567 .725 .346 .682 .267 
20 .493 .865 .481 .450 .246 .596 .767 .378 .707 .340 
21 .488 .829 .484 .410 .195 .535 .723 .451 .756 .296 
22 .480 .856 .429 .188 .125 .364 .705 .354 .665 .100 
23 .523 .767 .451 .387 .138 .566 .676 .486 .732 .292 
24 .263 .790 .246 .300 .147 .360 .676 .243 .666 .144 
25 .246 .805 .060 .278 -.113 .402 .767 .200 .746 .331 
26-30 .329 .853 .334 .469 .199 .532 .764 .298 .723 .350 
I 31-35 .354 .782 .323 .518 \N .139 .539 .775 .266 .691 .398 
~ 36-40 .388 .847 .343 .439 .160 .528 .750 .341 .722 .335 
41-45 .296 .831 .271 .379 -.009 .492 .786 .365 .733 .259 
46-50 .353 .812 .320 .419 .037 .483 .731 .354 .732 .296 
51-55 .267 .773 .230 .213 .026 .315 .711 .314 .737 ;190 
56-60 .371 .804 .382 .320 .022 .450 .770 .290 .671 .201 
61-65 .293 .764 .182 .073 -.103 .271 .700 .327 .631 .041 
66-70 .349 .689 .150 .316 .028 .376 .689 .213 .669 .365 
71-75 .419 .794 .390 .466 .121 .330 .730 .432 .592 .350 
76+ .415 .844 .276 .704 .273 .575 .819 .511 .583 .525 
All ages .355 .837 .332 .415 .097 .533 .756 .306 .721 .316 

LIST OF TABLES 
Page 
Table 1. Floor space standards 1938 - 1961. 65 
Table 2. Kitchen storage recommendations 1871 - 1944 66 
Table 3. Parker Morris floor space standards, 68 
Table 4. Ministry of Housing and Local Government (1967) 
recommended kitchen storage standards. 71 
Table 5. Summary of questionnaire headings and item 
classifications. 86 
Table 6. Size of cans in common use. 92 
Table 7• Size of cardboard packages in common use. 93 
Table 8. Responses to questions 1 - 4 of questionnaire. 113 
Table 9. Contents of storage fitments.. 123 
Table 10. Volume and base area required for storage of 
canned goods. 147 
Table 11. Volume and base area required for storage of dry 
goods. 149 
Table 12. Volume and base area required for storage of semi-
perishable goods. 151 
Table 13. Volume and base area required for storage of goods 
between + 6°C - +12°C, 153 
Table 14. Volume and base area required for storage of 
frozen foods. 155 
Table 15. Volume and base area required for storage of items 
associated with food preparation, etc. 157 
Table 16. Volume and base area required·for items associated 
with drawer storage. 159 
Table 17. Volume and base area required for items associated 
with cleaning. 161 
Table 18. Summary of storage requirements, 162 
Table 19. Summary of volume and base area of stored items by 
group classifications. 166 
Table 20. Summary of anthropometric data relating to female 
stature and weight. 175 
(x) 
